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Abs t ract 
ZAHOOR A. SWAT! 
Fif teen cr osses invo l v i ng th ree high and t h r ee low-yie l ding 
hard  red sp ring whea t s , ( Trit i cum aes tivum L . ), adap ted inb r ed 
I i nes t o  the p r oduc tion cond i t i ons of  Sou th  Dakota  we r e  used t o  
assess ea r ly genera t ion means and variances in iden t i f ying bu l ked 
popu l a tions that  pr oduced high-y i e lding derived 1 i nes.  In 
addit i on, dif f e rent  genera tions we re  eva l ua t ed t o  de t e rm i ne which 
wou l d  best iden t if y  c r osses wit h t he gr eate r po ten t ia l f o r  
pr oduc i ng segrega t es having high-y i e l ding abi l it y. Tra i t s exam i ned 
in ea r ly genera t i on bu lked and spaced-pl an t ed popu la t ions and 
der i ved I i nes  we r e: 1) gra i n  y i e l d; 2) time to heading; and , 3) 
plant heigh t .  
Means and variances of ea r ly genera tion bu l ked popu l a t i ons 
we re mode r a t e l y success f u l  in det ec t ing t hose c rosses which 
pr oduced supe rio r de r i ved l ines. The va r i ance was s ome wha t mo re 
ef fect ive. Mos t of  t he high-yie �ding and ea r l y -heading I ines we re 
ob t ained fr om crosses  identif ied as  supe rio r  e i t he r  by  mea n , 
va riance or  bo th  i n  F3 and F4 in 1985 and 1986, respect i ve l y. 
None of  the pa rameters , however , was successf u l  i n  p red i c t i ng 
sho r t er der i ved l i nes . 
Popu l at i ons p roduc i ng t he l a rgest  number of  h i gh-y i e l d i ng 
der i ved l i nes were ob ta i ned f r om c rosses w i t h  b o t h  pa r en t s  h i gh­
y i e l d i ng. Der i ved l i nes w i t h  t he l ower mean y i e l d  wer e  f r om 
c r osses i nvolv i ng l ow-y i e l d i ng pa ren t s. The propo r t i on o f  h i gh ­
y i e l d i ng der i ved l i nes f r om h i gh X l ow crosses was t h e  same as f rom 
t he h i gh x h i gh c r osses i n  1 985.  
The der i ved l i nes obt a i ned f rom c rosses i nvo l v i ng SD2861 as 
one of t he pa ren t s  showed h i gh mean y i e l ds and headed ea r l y . 
C r osses i nvolv i ng Guard  a l so showed a l a rge numbe r  of  h i gh-y i e l d i ng 
derived l i nes. 
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I NTRODUCT I ON 
Cult i vars  w i th i mp roved genet i c  po t en t i a l  f or y i e l d  and 
o the r econom i ca l l y  i mpor tant  t ra i t s are the goa l o f  p l an t  b r eed i ng 
programs . Fo r whea t , ( Tr i t i cum aest i vum L . ) ,  due t o  i t s aut ogamous 
me thod of r ep roduct i on ,  cul t i va rs  are  homozygous i nb r ed l i nes . 
B reed i ng p rograms a re  mod i f i ca t i ons on the bas i c  scheme o f  
hyb r i d i za t i on ,  select i on ,  and rep l i ca t ed t r i a l t es t i ng .  Any 
t echn i que i ncreas i ng t he ef f i c i ency i n  i den t i f y i ng t ransg ress i ve 
segrega t es woul d i mp r ove the  se l ect i on s t ep i n  the  b reed i ng 
program. 
The bu l k b reed i ng me thod i s  f requen t l y  used w i t h  whea t . 
W i t h  t h i s  me t hod ear l y  genera t i ons of  hybri d popu l a t i ons  a r e  
harves t ed i n  bu l k  w i t h  l i m i t ed ar t i f i c i a l  se l ect i on app l i ed .  
Popu l a t i ons a r e  ma i nt a i ned i n  bu l k  un t i l  t he F5 t o  F8 genera t i on 
when i nbred l i nes are se l ect ed f or fur ther  t es t i ng .  Ea r l y  gene ra­
t i on t es t i ng has been p roposed as a me thod o f . i den t i f y i ng bu l ked 
popu l a t i ons l i ke l y  to p roduce a h i gh f requency o f  t ransg ress i ve 
segrega t es .  Th i s  wou l d  a l l ow the b�eeder t o  ma i n ta i n  t he p r om i s i ng 
cr osses and d i scard the  undes i rab l e  ones i n  ea r l y  genera t i ons . 
Prev i ous r eport s on ear l y generat i on y i e l d  t es t i ng o f  bu l ked 
popu l a t i ons and subsequen t i nbred l i ne pe r f o rmance p rov i des m i xed 
resu l t s . I n  genera l , r esearch has cen t ered on compa r i ng bu l ked 
popu la t i on mean y i e l ds to mean y i e l ds of  deri ved l i nes f rom the  
popu l a t i ons . L i m i t ed research has been report ed compar i ng means 
1 
and var i ances o f  bu l ked popu l at i ons t o  subsequen t l i ne per f o rmance . 
The p r i nc i pa l  object i ves of  t h i s  s tudy were  t o : 1 .  assess t he use 
of ear l y  gene ra t i on means and va r i ances i n  i den t i f y i ng bu l ked 
popu l a t i ons p roduc i ng grea t e r -y i e l d i ng i nbred l i nes; and , 2 . 
det e rm i ne wh i ch generat i on wou l d  best i dent i f y crosses w i t h  a h i gh 
potent i a l  f o r p roduc i ng grea te r -y i e l d i ng i nbred l i nes . 
2 
L I TERATURE REV I EW 
Pred i ct i on o f  Progeny Per f o rmance 
Due t o  cons t ra i n t s  of t i me and resources , p l an t  b r eeders  
have been i nt e res t ed i n  i dent i f y i ng bul ked popu l at i ons p r oduc i ng  a 
h i gh f r equency of  super i or t ransgress i ve segrega t es. E f f i c i ency i n  
b reed i ng se l f -po l l i na t ed crops cou l d be i ncreased i f  ear l y  
generat i on bu l ked popu l a t i ons produc i ng the grea t es t  numbe r  o f  
supe r i o r i nb r ed l i nes cou l d be i dent i f i ed .  
Busch e t  a l . ( 1 9 74 ) eva l ua t ed F4 and F5 bul ked popu l a t i ons , 
paren t s , and 2 1 random l y  se l ected F2-der i ved F5 and F6 l i nes o f . 
hard  red sp r i ng wheat t o  p red i ct random l i ne per f ormance based on 
bu l k  and m i dpar enta l y i e l ds .  They f ound the  ave rage pe r f o rmance of  
the  random l y  se l ect ed l i nes and ave rage of  t he h i ghes t f i ve l i nes 
we re  h i gh l y  co r r e l a t ed w i th  t he mean o f  F4 and F5.bulks , r = .0 . 90 
and r = 0.88 , respect i ve l y. They conc l uded t ha t  t he mean y i e l ds of  
F4 o r  F5 bu l ks cou l d be used ef f ect i ve l y  t o  pred i ct popu l a t i ons 
produc i ng the grea t e r  p r opor t i on of  . h i gh-y i e l d i ng l i nes . 
C regan and Busch ( 1 9 77 ) t es ted the  va l ue o f  m i dpa r en t ,  F 1 , 
and F2 t h rough F5 bu l ked gene rat i on y i e l ds as p red i ct i ve cr i t e r i a  
f o r  i den t i f y i ng crosses p roduc i ng a h i gh propo r t i on o f  super i o r 
y i e ld i ng F5 l i nes. The mean y i e l d  of  the F2 and F3 ef f ect i ve l y  
i den t i f i ed 5 6  t o  67% of  the F5 l i nes wh i ch y i e l ded a t  l east  two 
s tandard dev i a t i ons above t he ove ra l l l i ne mean. They a l so f ound 
3 
t ha t  c r osses w i t h  g r ea t e r  genet i c  va r i ance were  mo re  l i ke l y  t o  
cont r i bu t e  h i gh-y i e l d i ng l i nes . 
Immer ( 1 94 1 ) g rew bu l ked F2 , F3 , and F4 gen e ra t i ons o f  s i x  
ba r l ey ( Hordeum vu l gare  L . ) c rosses i n  rep l i ca t ed y i e l d  t r i a l s  t o  
de te rm i ne the i r e f f i c i ency i n  de t ec t i ng the be t t er  c r osses . The 
two popu l a t i ons that  p roduced the h i ghes t y i e l d  i n  F2 and F3 we re 
a l so the h i ghes t i n  F4 , wh i l e two other crosses wer e  r e l at i ve l y  l ow 
y i e l d i ng i n  a l l genera t i ons . He sugges t ed t he ave rage y i e l d  
per f ormance of  d i f f e ren t  crosses i n  l a ter  generat i ons cou l d  be  
det e rm i ned by r ep l i ca t ed y i e l d  t r i a l s  i n  the F2 o r  F3 generat i ons . 
Such y i e l d  t r i a l s  wou l d  be usefu l  - i n  d i scard i ng crosses i n  an ear l y  
genera t i on because of  the l ow probab i l i ty of  the i r p r oduc i ng 
h i gh-y i e l d i ng i nb r ed l i nes . 
Ha r r i ngt on ( 1 94 0 ) conduct ed rep l i ca t ed y i e l d  t r i a l s  w i t h 
bu l ked unse l ec t ed seed of  t en wheat crosses i n  the F2 and s i x  
c rosses i n  the F3 generat i ons . The y i e l d  of  the l a t t e r  s i x  c rosses 
was de term i ned by rep l i ca ted rod row y i e l d  t es t s  o f  se l ect ed l i nes 
i n  t he F6 , F7 , and F8 generat i ons . L i ke Immer ,  he conc l uded that  
rep l i ca t ed t es t s  of  .bu l ked F2 popu l at i ons cou l d  be used  t o  i nd i ca t e  
the y i e l d i ng po t en t i a l  of  whea t c rosses , and t h a t  t es t s  o f  bu l ked 
F3 popu l a t i ons were  equa l l y  ef f i c i en t . 
Ha r l an e t  a l . {1 940 ) s tud i ed 3 79  ba r l ey crosses f rom 28  
pa ren t s  for  seven generat i ons . Ind i v i dua l p l an t  se l ect i ons f o r  
y i e l d  t es t ed i n  the  F9 generat i on were  jncreased f r om t he F8 
genera t i on .  The y i e l ds o f  t he bu l ked popu l a t i ons bef o r e  p l an t  
4 
se l ect i ons ap t l y  i nd i ca t ed crosses w i th  h i gh-y i e l d i ng segrega t es .  
The au thors  f e l t tha t  l ow-y i e l d i ng c r osses cou l d  have been 
d i scarded pr i or to p l an t  se l ect i on ,  a l l ow i ng the b r eed i ng p r og ram 
t o  concen t ra t e  i t s r esources on c rosses w i t h  a grea t e r  p robab i l i ty 
of  p r oduc i ng supe r i or p r ogeny . 
Ros i e l l e  ( 1 983 ) used computer  s i mu l a t i on t echn i ques t o  
exam i ne t he e f f ec t  o f  genet i c  va r i ance and the cor re l a t i on between 
mean and gene t i c  va r i ance on the ef f i ciency of bu l k  y i e l d  t es t i ng 
procedures . He va r i es the f o l l ow i ng parame ters  i n  h i s  mode l : 
be tween bu l k  her i tab i l i t y ,  gene t i c  va r i ance rat i o ,  vari ance of  the 
w i th i n  bu l k  genet i c  va r i ance , cor re l a t i on be tween bu l k  means and 
w i th i n  bu l k  genet i c  va r i ances , and se l ec t i on i n tens i ty among bu l ks .  
H i s  goa l was t o  de t erm i ne the comb i nat i on o f  pa rame ters  g i v i ng 
max i mum po t en t i a l  ga i n .  Max i mum potent i a l  ga i n  was def i ned as the 
genet i c  ga i n  wh i ch wou l d  be ach i eved . i f  the bu l ks wh i ch max i m i ze 
genet i c  advance were  chosen f o r  p l ant  se l ect i on . . Max i mum po t en t i a l  
ga i ns i nc r eased w i th  i nc reas i ng mean genet i c  _va r i ance w i th i n  bu l ks 
but showed on l y  a s l i gh t  response t o  i nc reas i ng va r i a t i on o f  t he 
w i th i n  bu l k  gene t i c-va r i ance . For a 1 6- f o l d  i nc r ease i n  mean 
genet i c  va r i ance w i th i n  bu l ks the max i mum po tent i a l  ga i n  a l most .  
doub l ed .  However ,  o f  an  8- f o l d  i ncrease i n  the ra t i o  of  var i a t i on 
of  the w i th i n  bu l k  genet i c  va r i ance the max i mum po t ent i a l  ga i n  
i ncreased on l y  by 2%  and 1 3 % .  Max i mum po tent i a l  ga i ns we re  
reduced as  the  corre l a t i on be t ween bu l k  mean and w i th i n  bu l k  
va r i ance changed f r om pos i t i ve t o  nega t i ve and became more nega t i ve 
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but t he ef f ec t s  were  sma l - l .  The op t i mum ga i n  as a percen tage of  
max i mum po t en t i a l  ga i n  was not af f ec t ed .  He conc l uded that  bu l k  
y i e l d  test i ng wou l d  genera l l y  p rov i de h i gh pos i t i ve gene t i c  ga i ns 
f o r  a w i de range o f  popu l at i on pa rameters . 
Fo r ty  f i ve c r osses f rom · a 1 0  pa ren t d i a l l e l  i n  soybeans 
( G l yc i ne max L . ) wer e  s tud i ed by Lef f e l  and Hanson ( 1 9 6 1 ) i n  the F2 
and F3 bu l ked popu l a t i ons , F 1 , F2 spaced-p l an t ed popu l at i ons , and 
F2-der i ved F3 l i nes . Mean y i e l ds f r om t hese genera t i ons we re  
ana l yzed t o  de t erm i ne t he average and spec i f i c con t r i bu t i ons o f  
paren t a l y i e l ds to  mean p rogeny y i e l d  and the p resence o r  absence 
of  ep i s ta t i c , dom i nan t , and add i t i ve gene act i ons . The p e r f o rmance 
.of pa ren t s  or the i r c rosses i n  ea r l y  generat i ons of  bu l ked 
popu l a t i ons we re  r e l i ab l e  pred i c t ors  of  the pe r f o rmance o f  I i nes 
ob ta i ned f r om the  c rosses i n  the F3 generat i on .  
The ef f ec t i veness of se l ec t i on for  y i e l d  and b read mak i ng 
qua l i ty pa rame te rs  on th ree F3 popu l a t i ons of hard red spr i ng whea t 
was s tud i ed by B r i ggs and Shebesk i ( 1 9 70 ) . They exam i ned the  
perf ormance o f  F3 se l ect i ons us i ng the mean y i e l d  o f  a popu l a t i on 
of random l y  der i ved F5 l i nes . The h i ghes t -y i e l d i ng F5 popu l a t i ons 
we re  der i ved f r om F3 l i nes wh i ch we re h i gher y i e l d i ng on a p l o t . 
bas i s  and h i gher  y i e l d i ng than adjacen t con t ro l  p l o t s . 
Sm i t h and Lambar t  ( 1 968 )  i nvest i ga ted the p r ed i c t i ve va l ue 
of  pa renta l and ea r l y  generat i on bu l ked popu l a t i on means w i t h  
respec t t o  y i e l d  and kerne l we i gh t of  s i x  sp r i ng ba r l ey based on 
F5 l i ne perf ormance . They f ound tha t  croises hav i ng t he bes t 
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y i e l d i ng per f o rmance  i n  each genera t i on wer e  a l so t hose that  
produced supe r i o r F5 l i nes. The  F3 , F4 , F5 genera t i ons were  
genera l l y  a l l re l i ab l e  pred i c to rs  of c rosses w i th  h i gh y i e l d  
poten t i a l . A l so ,  t he F2 , F3 , F4 , and F5 genera t i ons  wer e  s i m i l a r 
i n  i dent i f y i ng the c rosses f rom wh i ch h i gh kerne l we i ght segrega t es 
cou l d  be se l ec t ed .  
Nass ( 1 9 7 9 ) eva l ua t ed the F 1 , F2 and m i dparen t a l y i e l d  o f  
sp r i ng wheat a s  pot en t i a l  a i ds i n  i dent i f y i ng super i o r c r osses 
ea r l y  i n  t he b reed i ng p r ogram .  Based on h i s  obse rva t i ons , he 
recommended t he use o f  m i dparenta l ,  F 1 , and F2 y i e l d  t es t s  f or a 
g i ven set  o f  c rosses t o  e f f ec t i vefy ma i n ta i n  the supe r i o r crosses · 
i n  t he b reed i ng p r ogram .  
McVe t ty  and Evans ( 1 980 ) used th ree spr i ng whea t c r osses t o  
eva l ua t e  the use  o f  phys i o l og i ca l  and/or  morpho l og i ca l  pa rame t e r s  
a l one or  i n  comb i na t i on o n  F2 p l an t s  �s se l ect i on c r i t e r i a  t o  
i den t i f y h i gh-y i e l d i ng F4 bu l ked popu l a t i ons . The r esu l t s 
i nd i ca ted t ha t  s i ng l e  F2 measu rements  of source capac i t y ,  s i nk 
capac i ty ,  o r  p l ant  mo rpho l ogy a l l i den t i f i ed h i gh y i e l d  pot en t i a l  
i n  the F2 . 
Fow l e r and Heyne ( 1 95 5 )  tes ted pa ren t s , F3 , F4 , and F5 
bu l k  genera t i ons , o f  45  hard red w i n t e r  whea t c rosses , i n  
rep l i ca t ed t r i a l s  t o  p red i ct the y i e l d  of 7 or  8 random l y  se l ec t ed 
l i nes f rom each F5 bu l k .  They conc l uded tha t  ea r l y  genera t i on 
tests  and paren ta l pe r f o rmance we r e  of  no va l ue fo r p r ed i c t i ng 
y i e l d  o f  random pu r e  l i ne se l ec t i ons . P l an t  he i gh t and ma tu r i t y of 
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se l ected - l i nes , however , were  p red i c tab l e  f rom bu l k  t r i a l s .  
Cont i nued se l ect i on i n  the F2 , F3 , and F4 genera t i ons of  1 1  
bu l k  hybr i d  ba r l ey popu l at i ons f or v i gorous p l an t s  w i t h  l arge , 
we l l - f i l l ed ,  d i sease-f ree heads was prac t i ced by Atk i ns ( 1 9 5 3 ) . 
Eva l ua t i on o f  the se l ec t ed popu l at i ons f or y i e l d ,  head i ng dat e ,  
matur i ty da t e , p l an t  he i gh t  and l odg i ng res i s tance i n  compa r i son 
w i t h  t he i r r espec t i ve bu l ked popu l at i ons revea l ed t ha t  se l ec t i on i n  
F2 , F3 , and F4 based on severa l p l an t  charact e r i s t i cs cont r i but i ng 
to  y i e l d  was not  e f f ect i ve i n  i so l a t i ng h i gh-y i e l d i ng l i nes . 
Ka l t on ( 1 948 ) f ound ma tur i t y ,  p l an t  he i ght  and l odg i ng t o  be 
r e l a t i ve l y  cons tan t i n  the bu l ked F2 , F3 , and F4 genera t i ons o f  25  
soybean c rosses , but  y i e l d  d i f f erences we r e  i ncons i s t en t  f rom . 
generat i on to  generat i on .  
Types of  C r osses 
Paren t s  used i n  hybr i d i zat i on programs are usua l l y  se l ected 
to . comp l emen t each o ther  f o r  the t ra i t unde r i mprovemen t . In many 
cases one paren t  of a c ross i s  adapted to the l oca l env i r onmen t , 
wh i l e  the other  pa r en t  exh i b i t s an i n tense l eve l o f  the t ra i t unde r 
i mp rovemen t . Th i s  second pa rent  many t i mes i s  l ow-y i e l d i ng .  P l an t 
breede rs , t hen mus t  make c rosses among h i gh and l ow-y i e l d i ng 
pa ren t s . 
Busch e t  a l . ( 1 974 )  s tud i ed 25 popu l a t i ons r esu l t i ng f r om 
c rosses among f ou r  h i gh and f ou r  l ow-y i e l d i ng pa r en t s  o f  hard  red 
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spr i ng wheat i n  th ree env i ronments . He f ound that  h i gh-y i e l d i ng 
l i nes we re  obta i ned mos t  of t en f rom crosses between h i gh per f o rm i ng 
pa ren t s . The h i ghest-y i e l d i ng l i ne, however ,  came f rom a h i gh x 
l ow c ross . Such r esu l t s suggest that se l ect i on w i t h i n  a c r oss may 
be l ess i mpo r t an t  than mean c ross per f o rmance i n  det e rm i n i ng wh i ch 
crosses p r oduce the  bes t genotypes . 
Gene act i on i nvo l ved i n  t he i nher i tance of  l i n t  i ndex was 
i nves t i ga t ed by Ramey ( 1 9 63 ) i n  the pa renta l ,  F 1 and F2 genera t i ons 
of 28  popu l a t i ons of  cot t on ( Gossypi um h i rsu tum L . ) wh i ch resu l t ed 
f rom the c ross i ng of  e i ght  l i nes , f our  of  wh i ch exh i b i t ed l ow and 
-
f our  h i gh l i n t  i nd i ces . Dom i nan t gene ac t i on was i nvo l ved i n  
popu l at i ons r esu l t i ng f rom cross�s of h i gh x h i g� and l ow x l ow 
pa ren t s . Ep i st as i s  was no ted i n  popu l a t i ons resu l t i ng f r om cr osses 
of h i gh x l ow l i nes , and he sugges ted dom i nance was a l so opera t i ve 
i n  th i s  g roup . F1 means genera l l y exceeded m i dparen t a l va l ues . 
Ep i stas i s ,  whe re  f ound , resu l t ed i n  the rap i d  regress i on o f  the  F2 
mean t owa rd the  m i dparen t . 
G reen ( 1 948 ) eva l ua t ed the i nhe r i tance of comb i n i ng ab i l i ty 
I n  the F2 genera t i on of  three ma i ze . ( Zea mays L . ) s i ng l e  c rosses 
represent i ng c r osses of  h i gh x h i gh ,  h i gh x l ow ,  and l ow x l ow 
comb i n i ng i nb r ed l i nes . A h i gher  f r equency of good comb i n i ng F2 
segrega t es we r e  f ound i n  the  progeny of h i gh x h i gh c r osses t han in 
e i the r the h i gh x l ow o r  t he l ow x l ow crosses . Lonnqu i s t  (1 95 3 )  
se l ec t ed th ree h i gh and t h ree l ow y i e l d i ng ma i ze l i nes , based on 
t est  c rosses , as pa r ents  f o r  h i gh x h i gh ,  h i gh x l ow and l ow x l ow 
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crosses i n  an a t t empt t o  eva l ua t e  gene act i on .  The mean y i e l d  of 
the h i gh x h i gh hyb r i ds was supe r i o r to  that of  the h i gh x l ow or  
l ow x l ow hybr i ds .  
J ohnson and Hayes ( 1 940 ) t es ted ma i ze hyb r i ds f r om 
comb i na t i ons of two groups of h i gh and two groups of l ow-y i e l d i ng 
i nb red l i nes . They f ound that t he p ropo r t i on o f  h i gh -y i e l d i ng 
hyb r i ds f rom the  h i gh x l ow group was equa l to  the h i gh x h i gh 
gr oup . Three h i gh x l ow hyb r i ds y i e l ded more and two l ess than any 
of  the h i gh x h i gh or l ow x l ow hyb r i ds .  
Lonnqu i st and L i ndsey ( 1 9 64 ) repo r t ed a l i near  t r end f o r 
i ncreased y i e l d  i n  F 1 hyb r i ds f rom
- the l ow x l ow t o  h i gh x h i gh 
c rosses of  ma i ze l i nes se l ec ted f o r  y i e l d  as se l f ed l i nes . 
However ,  when pa ren t a l l i nes we re  se l ected on the bas i s  o f  an 
un re l a ted t op c r oss t es t e r  the h i gh x l ow hybr i ds outy i e l ded the 
h i gh x h i gh and l ow x l ow hyb r i ds .  Lonnqu i s t ( 1 9 68 ) a l so se l ec t ed 
h i gh and l ow y i e l d i ng ma i ze l i nes based on the i r pe r f o rmance  i n  
hyb r i d  comb i na t i ons  w i t h  the i r or i g i na l  pa rent  popu l a t i on .  Aga i n  
he repo r t ed a l i nea r t r end f o r  y i e l d  of  hybr i ds ,  i nc reas i ng f r om 
l ow x l ow to  h i gh x h i gh crosses . 
Sch rade r e t  a l . ( 1 966 ) repo r t ed ma i ze hybr i ds t o  be 
i n t e rmed i a t e  to the i r pa rents  i n  n i t ra te  reductase ac t i v i t y when 
compar i ng crosses made h i gh x h i gh and h i gh x l ow .  S i gn i f i can t 
het eros i s  over m i dpa r en t  was f ound i n  some of  the l ow x l ow 
hyb r i ds .  
Ka l t on and Lef f e l  ( 1 9 5 5 ) s tud i ed the comb i n i ng ab i l i ty of 
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orchardgrass ( Dacty l i s  g l omerata  L . ) by testi ng s i ng l e  c r oss 
hybr i ds .  The pa ren t s  we re  se l ected f or h i gh and l ow f o rage y i e l d  
and pan i c l e  number . These pa rents were  crossed i n  a l l 
comb i nati ons . The h i gh x l ow hybr i ds we re  i n t e rmed i a t e  f o r pan i c l e  
number when compar ed t o  t he h i gh x h i gh and l ow x l ow hybr i ds .  
Forage y i e l ds of the  h i gh x l ow hybr i ds were  app r ox i ma t e l y  the  same 
as the h i gh x h i gh hybr i ds .  
Langham ( 1 949) repo r t ed the use o f  d i verse paren t s  i n  
crosses of  sesame ( Sesamum i nd i cum L . ) t o  ob ta i n  transg ress i ve 
segrega t es . D i sease and i nsec t res i st ance were  i nc r eased as we l l 
as y i e l d  by c r oss i ng t he most  des i rab l e  pa ren t  w i th  the l eas t 
des.i rab l e  f o r t he charac te r i s t i cs under i mprovemen t .  Th i s  ear l y  
work w i t h  t ransgress i ve seg rega t i on l ed h i m  ( 1 96 1 a ,  1 96 1 b )  t o  
propose t he h i gh x l ow met hod o f  c rop i mp rovemen t . He hypo t hes i zed 
tha t  genes f o r max i mum express i on of a charac t e r i s t i c , e i t her  h i gh 
or l ow ,  may be c l ose l y  assoc i at ed w i t h  suppresso r .genes wh i ch 
preven t t he i r max i mum exp r ess i on .  Thus a suppressor f or h i gh 
express i on may then become an enhancer f or l ow express i on o f  a 
cha rac t e r i s t i c .  By cross i ng h i gh x . l ow rep resen t a t i ves o f  a 
popu l a t i on and grow i ng l a rge F2 popu l a t i ons , f avo rab l e genes m i gh t  
recomb i ne w i t h  new mod i f y i ng genes , resu l t i ng i n  t ransg r ess i ve 
. segregat i on .  
Sm i th ( 1 9 6 6) sugges t ed tha t  pa ren t s  o f  a c r oss shou l d  
exh i b i t r easonab l y  f avo rab l e exp ress i ons of  the des i r ed t ra i t t o  
ob ta i n  t ransgress i ve segrega t es .  He conc l uded tha t  d i s t an t l y  
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re l a t ed pa ren t s  may enhance se l ect ion because the  cha rac t e r i s t i cs 
may be  con t ro l l ed by d i f f er i ng set s  o f  genes . 
12 
MATER I ALS AND METHODS 
F i f t een c rosses i nvo l v i ng t hree h i gh and t hree  l ow-y i e l d i ng 
ha rd  red spr i ng whea t s  adap t ed t o  the p r oduct i on cond i t i ons of  
Sou t h  Dakota  were  used i n  th i s  i nves t i gat i on .  Paren t s  we r e  
SD286 1 ,  'Gua rd ' , ' Pr o t o r ' ,  ' A l ex' , 'Eureka ' ,  and ' Pondera ' .  The 
or i g i n  and a summary  of the i r agronomi c charact e r i st i cs a r e  
p resen t ed i n  Tab l e  1 .  I n  rep l i ca ted y i e l d  t r i a l s  conducted i n  
eas t e rn Sou th  Dakota  i n  1 982  and 1 983 yea r l y  ave rages of  t h e  t h ree 
h i gh-y i e l d i ng cu l t i va rs  we r e  2 . 3 7 and 2 . 4 7 Mg ha- 1 ; wh i l e  t he l ow 
y i e l d i .ng cu l t i vars  averaged 2 . 06 a�d 2 . 22 Mg ha
-l per  yea r . 
The c l as�i f i cat i on of  y i e l d  of  t he paren t s; as g i ven i n  
Tab l e  1 ,  p rov i ded the bas i s  f o r  the 1 5  c rosses . C r osses we r e  
p l aced i n t o  t h r ee g roups acco rd i ng t o  pa ren ta l pe r f o rmance : 
h i gh-y i e l d i ng pa r en t  x h i gh-y i e l d i ng paren t ( h i gh x h i gh ) , 
h i gh-y i e l d i ng pa r en t  x l ow-y i e l d i ng pa ren t  ( h i gh x l ow ) , and 
l ow-y i e l d i ng pa rent  x l ow-y i e l d i ng pa rent  ( l ow x l ow ) . Each c r oss 
was ass i gned a number  t o  f ac i l i ta te  the d i scuss i on and a r e  r ef e r red 
t o  hencef o r t h  by number  ra ther  than ped i g ree ( Tab l e  2 ) . 
Pa r en t s  we re  c r ossed i n  a l l comb i nat i ons by K. Se l l e r s  
exc l ud i ng rec i p r oca l s  i n  1 98 2 . The F2 , F3 , and F4 bu l ked 
popu l a t i ons f o r  each c r oss was p roduced at B rook i ngs , w i t h  no ove r t  
se l ec t i on i n  1984 . Ten-g ram samp l es o f  seed o f  t he bu l ked 
popu l a t i ons f r om a l l t h r ee genera t i ons we re  taken f o r spaced­
p l an t ed popu l a t i ons , and random samp l es of 1 5  heads f r om F2, F3 , 
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Tab l e 1 .  Ag ronom i c charact er i s t i cs and or i g i n  of  t he pa r en t a l 
I i nes . 
Pa ren t s  Or i g i n  
SD286 1 so 
Guard so 
Pro t o r  NKa 
Eureka so 
A l ex NO 
Ponder a MT 
Head i ng 
Da t e  
Ea r l y  
Early 
Ear l y  
Lat e-Med i um 
Lat e-Med i um 
Ear!y 
Charac t e r i st i cs 
P l an t 
He i gh t  
Sho r t  
Shor t  
Sho r t  
Ta l l 
Ta l l 
Med i um 
Y i e l d  
H i gh 
H i gh 
H i gh 
Low 
Low 
Low 
-------------------------------------------------------------------
a . Nor thupk i ng 
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Tab l e  2 .  Number , Pa ren t s , and des i gnat i on o f  t he 1 5  c rosses . 
C ross Numbe r  Paren t i  Par en t 2  Cross Des i gnat i on 
1 SD286 1 Guard High X H i gh 
2 SD286 1 Prot  or  H i gh X H i gh 
3 Guard Prot  or  H i gh X H i gh 
4 SD286 1 Eu reka H i gh x Low 
5 SD286 1 A l ex H i gh X Low 
·6 SD286 1 Ponder a H i gh X Low 
7 Guard Eureka H i gh X Low 
8 Guard A l ex H i gh X Low 
g Guard Ponder a H i gh x Low 
1 0  Prot o r  Eu reka H i gh X Low 
1 1  Prot o r  A l ex H i gh x Low 
1 2  Prot  o r  Ponder a H i gh x Low 
1 3 Eu reka A l ex Low x Low 
1 4 Eu reka Ponder a Low x Low 
1 5 · A l ex Ponder a Low x Low 
-------------------------------------------------------------�-----
and F4 bu l ked popu l a t i ons we re  a l so d rawn f o r s i ng l e r ows i n  1 985 . 
The r ema i n i ng seed was bu l ked . Bu l ked and spaced-p l an t ed 
popu l at i ons we r e  grown t o  obt a i n  the means and va r i ances o f  t he 
c r osses , r espect i ve l y .  These pa rame t e rs  we r e  used t o  eva l ua t e  the 
per f ormance of  the c rosses i n  ea r l y  genera t i ons and t hen t o  
det e rm i ne t he r e l at i onsh i p  be tween the pe r f o rmanc� i n  ea r l y  
gene r a t i ons and subsequen t der i ved l i ne per f o rmance . 
Bu l ked Popu l a t i ons 
-
Par en t s , F3 , F4, and F5 bu l ked popu l a t i ons we r e  p l an t ed at  
B ro6k i ngs ( V i enna s i l t  l oam ) on  Ap r i l  1 9, 1985 . Due  t o  
i nsuf f i c i en t  seed , c r osses 1 2  and 1 4  i n  the F3 and F4 genera t i ons , 
respec t i ve l y ,  we r e  not  i nc l uded . The expe r i men ta l des i gn was a 
random i zed comp l e t e  b l ock w i t h t h ree rep l i ca t i ons . The p l o t s i ze 
was 6 . 1  by 1 . 5  m wh i ch was t r i mmed t o  a l eng th  of  4 . 3 m f o r 
ha rvest . The seed i ng ra te  was app r ox i ma t e l y  278 seed p e r  m2 and 
the d i s tance be tween two adjacen t rows was 1 7 . 8 em . 
Ram r od and B rona t e  we r e  app l ied a t  the ra tes of  5 . 6 Kg ha-
l 
-1 and 0 . 5 6 Kg ha , f o r  g rassy and b road l eaf  weed con t r o l , 
r espec t i ve l y .  In add i t i on some hand weed i ng was done . The p l o t s  
we r e  f er t i l i zed w i t h  ammon i um n i t ra te  f o r  a y i e l d  goa l o f  4 Mg 
- 1 ha . 
Data we r e  r eco rded f o r  each p l ot on the f o l l ow i ng :  
1 .  T i me t o  head i ng - the da te  when 5 0  pe rcent of  the 
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sp i kes had emerged f rom the boo t ( Feekes sca l e  
stage 10 . 3 ) and r ecorded as number o f  days . 
2 .  P l an t  he i ght - recorded i n  cent i mete r s  f rom t he  
ground l eve l t o  the t i p  of t he  ma i n  t i l l e r 
exc l ud i ng awns� 
3 .  Gra i n  y i e l d  - we i ght  of  gra i n  i n  grams ha rvested 
f r om each p l o t .  
Spaced-P l anted Popu l at i ons 
Spaced-p l anted popu l at i ons i nc l ud i ng paren t s  _ and t he t h r ee 
gene ra t i ons  of  t he 1 5  c rosses ( except crosses 1 2  and 1 4  of  F3 and 
F4 gene rat i ons , respect i ve l y ) were  p l anted on Ap r i l 1 9 , 1 985 .  P l o t  
s i ze ,  f e rti l i ze r , and herb i c i de reg i mes we re  the same a s  f o r the 
bu l ked popu l a t i ons . The seed i ng rate used was app rox i mate l y  800 
seeds , m i xed w i th  1 600  w i nte r whea t seeds , per  p l o t t o  p r oduce 
app r ox i ma t e l y  87 spr i ng whea t p l ants per m2 . The w i n t e r  wheat was 
i nc l uded t o  compe t e  w i th  the sp r i ng whea t and reduce weed prob l ems . 
Da ta  f o r  t i me to  head i ng ,  p l ant he i ght , and y i e l d  we r e  reco�ded on 
an i nd i v i dua l p l ant bas i s  f o r  .30 random l y  se l ected p l an t s  tha t  we re  
tagged a t  the t i me of  head i ng .  Random samp l es of 1 5  heads f r om 
each c ross and generat i on we re  se l ec ted f o r the s i ng l e  r ows i n  
1 986. 
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Der i ved L i nes 
Seed f rom f i f t een random l y  se l ec t ed sp i kes f rom t he F2 , F3 , 
F4 bu l ked popu l a t i ons and parents  dur i ng 1 984 we r e  sown i n  
s i ng l e- row p l o t s. on May 1 ,  1 985 . On l y  F3-der i ved F5 l i nes we re  
used f o r  compa r i sons w i th means and var i ances of  ea r l y  genera t i on 
bu l ked popu l a t i ons . Cu l t ura l p ract i ces we re  s i m i l a r t o  o ther  
popu l at i ons . Data  on t he three t ra i t s  we re  recorded on a r ow 
bas i s .  I n  o rder  t o  p roduce the F3 generat i on f o r t h e  1 9�6 c r op 
season , a l l t he c rosses were  aga i n  made i n  the greenhouse dur i ng 
-
fa l l 1 985 , and the  seed p roduced was rep l an ted t o  ob t a i n  seed of  
the F3 generat i on .  
Pa r en t s ,  F3 , F4 , F5 , and F6 bu l ked and spaced-p l an t ed 
popu l a t i ons , and head rows were  p l an ted at  B r ook i ngs on May 5 ,  
1 986 . A l l o the r  p rac t i ces f o l l owed were the same as i n  1 985 . 
Weather  Cond i t i ons 
The grow i ng season i n  1 985 was cha rac t e r i zed by near no rma l 
mo i s t ure  dur i ng the  ea r l y  s tages of  g rowth  ( t i l l e r i ng and s t em 
ex t ens i on ) , bu t be l ow no rma l p r ec i p i tat i on dur i ng June  f o l l owed by , 
t o  some ex t ent , suf f i c i en t  mo i s ture  du r i ng Ju l y  ( Tab l e  3 ) .  Unusua l 
weather  cond i t i ons t h roughou t the 1 986 crop season ( Tab l e  3 ) ,  
caused nonun i f o rm ge rm i na t i on ,  r educed t i l l e r i ng and p l an t  he i ght , 
sma l l sp i kes , and sma l l ,  unf i l l ed gra i n. Germ i nat i on r a t e  f o r  the  
18 
Table 3 . Mon t h l y  mean t emperature  ( C ) , t o ta l p rec i p i t a t i on ( em )  
and depa r ture  f r om norma l dur i ng c rop season 1 985  and 
1 986 . 
Mon th  Mean 
Apr i 1 9 . 1 6  
May 1 5 . 27 
June 1 6 . 22 
Ju l y  20 . 1 6 
Ap r i l 7 . 66 
May 1 3 . 44 
June 1 9 . 44 
Ju l y  2 1 . 83 
1 985  
Temperature  
Depa r ture  
F rom Norma l 
2 . 66 
1 . 9 3 
-2 . 44 
- 1 . 3 4 
1 986  
--------
1 .  1 6  
0 .  1 0  
0 . 76 
0 . 3 1 
Prec i p i t a t i on 
To ta l 
5 . 1 0 
9 . 0 6 
2 . 08 
3 . 78 
1 3 . 6 1 
9 . 44 
1 1 . 22 
9 .  4 2 . 
Depa r t u r e  
F r om Normal 
- 0 . 02 
1 . 29 
- 9 . 1 1  
- 3 . 4 5 
5 . 48 
1 . 67 
0 . 02 
2 . 1 8  
-------------------------------------------------------------------
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greenhouse p roduced F3 generat i on was so poo r that  i t  was not  
i nc l uded i n  the  ana l ys i s .  Cont i nuous ra i n  ea r l y  i n  the  season not 
on l y  de l ayed the p l an t i ng bu t a l so r esu l t ed i n  dense and v i go rous 
weed growth . Temperatures rema i ned c l ose to norma l t h r oughout  the 
c rop season of 1 986  and i n  the two ea r l y  months of  1 985 ;  howeve r , 
t emperatures d r opped 1 t o  2 C be l ow norma l i n  June and J u l y  of  
1 985.  
Stat i s t i ca l  Ana l ys i s  
Ear l y  genera t i on est i ma t es of  mean f o r  each c r oss f o r  the 
three t ra i t s s tud i ed we re  obt a i ned f r om t he mean va l ues of  t he F3 
and F4 r ep l i ca t ed bu l ked popu l at i ons grown i n  1 985  and 1 98 6 , 
respect i ve l y. Var i ance est i ma t es were ob ta i ned f rom t h e  
spaced-p l an t ed popu l at i ons of t h e  same · generat i ons p l an t ed t ha t  
year. Means and va r i ances of the head rows of t he · 1 5  crosses were  
used as est i ma t es of  mean and va r i ance of the Fn+2 de r i ved l i nes . 
Pea rson and Spea rman corre l at i ons be tween ea r l y  generat i on 
means and va r i ances arid means of the der i ved l i nes were used · t o  
det erm i ne the  ab i l i t y of  t hose ear l y generat i on paramet ers t o  
pred i c t c rosses g i v i ng r i se to  a h i gh f requency of  super i o r  
segrega t es . Ear l y generat i on means and var i ances were cor r e l a t ed 
w i th  the va l ue of  the  mos t  super i or  ( t op-one ) and mean o f  t he f i ve 
mos t super i or ( t op- f i ve )  segrega t es f or each cross i n  add i t i on t o  
the mean o f  a l l deri ved l i nes f or a cross . A s i gn i f i can t , pos i t i ve 
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cor re l a t i on s i gn i f i ed a paramet e r  as an ef f ec t i ve p r ed i c t o r . 
Pearson co r re l at i ons f o r  each t ra i t were  comput ed w i t h  
un t ransf o rmed da ta  wh i l e  Spearman co r re l at i ons w e r e  ob ta i ned us i ng 
rank i ngs o f  the  1 5  c rosses . Cor re l a t i ons were  comput ed f o r  
i nd i v i dua l yea r s  and comb i ned . For the comb i ned ana l ys i s  t ra i t 
va l ues were  adjust ed w i th  the equat i on :  
Whe r e  
y 
y d' = y a J + (Y d . - y ) una J 
y d . = Adjust ed va l ue a J
y = Grand mean va l ue 
unadj = Unadjust ed va l ue 
y = Year l y  mean va l ue 
Ana l ys i s  o f  va r i ance was used t o  de term i ne whether  o r  not 
the pa ren t s  d i f f ered f o r the t ra i t s under i nvest i gat i on and a l so t o  
de term i ne t h e  d i f f erences among crosses f o r  y i e l d ,  t i me to head i ng ,  
and p l ant  he i gh t . The l i nea r add i t i ve mode l used was : 
Where  
u + r .  
1 
+ g. + ( rg) .. + e .  'k J I J I J 
u = Expe r i menta l mean eff ect 
r.  = Ef f ect  o f  the i th cross 
1 
g. = ef f ec t  of  the jth generat i on 
J 
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( rg )  . .  = Interact i on ef f ect of  the i th c ross  and jth 
1 J 
generat i on 
e i jk = Er ror  ef f ect of  the i jkth observa t i on .  
To determ i ne the d i f f erence among i nd i v i dua l parent  o r  
cross per f o rmance, F i she r -protected LSD va l ues we re  dete rm i ned . 
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RESULTS 
Paren t a l Pe r f o rmance 
Mean va l ues f or y i e l d ,  t i me t o  head i ng ,  and p l an t  he i gh t  
a r e  g i ven f o r  bu l ked and spaced-p l anted popu l at i ons and head rows 
i n  Tab l es 4 ,  5 ,  and 6 ,  respec t i ve l y .  S i gn i f i can t mean d i f f e r ences 
. we re f ound among the  pa ren t s  f o r  y i e l d ,  t i me to  head i ng ,  and p l an t  
he i gh t  i n  1 985  and f or t i me t o  head i ng i n  1 986  f or bu l ked 
popu l at i ons ( Tab l e  4 ) . 
Gra i n  y i e l d  o f  the paren t s  i n  bu l ked and spaced-p l an t ed 
popu l a t i ons ranked d i f f e ren t l y  than the o r i gina l charact e r i za t i on .  
I n  1 985 , mean y i e l d  o f  the l ow-y i e l d i ng pa ren t , A l ex ,  was 
sta t i s t i ca l l y  s i m i l a r t o  the y i e l ds of 50286 1 ,  Guard , and Pro t o r , 
the h i gh-y i e l d i ng.pa ren t s . I n  spaced-p l an ted popu l a t i ons a l l 
pa ren t s , excep t S028 6 1 , showed s i m i l a r y i e l ds ( Tab l e  5 ) . I n  head 
rows , however ,  pa ren t s  per f ormed as or i g i na l l y · cha rac t e r i zed ( Tab l e  
6 ) .  I n  1 986 , the h i gh-y i e l d i ng pa rent , Prot or , pe r f o rmed poo r l y  
and was ranked second l owes t i n  bo th �opu l a t i ons and head rows . 
The o the r  two h i gh-y i e l d i ng pa rents , Gua rd and S0286 1 ,  y i e l ded 
s i gn i f i can t l y  mor e  than t he l ow-y i e l d i ng pa ren ts  i n  the th ree  
eva l ua t i on me thods . 
The h i gh-y i e l d i ng pa ren ts  headed 2 or 5 days ea r l i e r on the 
ave rage than l ow-y i e l d i ng paren ts  i n  bu l ked and spaced-p l an t ed 
popu l a t i ons i n  1 9 85. I n  head rows , howeve r ,  Gua rd headed i n  the  
2 3  
Tab l e  4.  Paren t a l  y i eld ( g ) , t i me t o  head i nga and p l an t  he i gh t  
( em )  i n  bu l ked popu l at i ons grown i n  1 985 and 1 986  a t  
Br ook i ngs. 
Cul t i var 
50286 1 
Guard 
Pro t o r  
Eureka 
A l ex 
Ponder  a 
LSD 0 . 05 
Prob . 
o f  F va l ues 
1 985 
188 1  
1 90 2  
19 1 4  
167 9  
1 89 7  
1 73 7  
177 
* 
Y i eld 
1 986 
5 76  
724 
5 08 
4 6 3  
522  
607  
1 9 2 
0.12 
1 985 
6 1  
62  
6 2  
6 5  
6-6 
64  
T i me to  
Head i ng 
1986 
5 1  
5 1  
5 2  
5 3  
5 1  
5 2  
0 . 9  0.9 
* *  ** 
P l an t  
He i gh t 
1 985  
88  
88  
84 
1 06 
1 05 
89 
4. 4 
** 
* , * *  S i gn i f i can t _a t  0. 05 and-0 . 0 1 p r obab i l i ty leve l s ,  
r espec t i vely . 
· 
a Days t o  head i ng a f t e r  Ap r i l 1 9  i n  1985 and May 5 i n  1986 . 
1986 
8 0  
78 
7'4 
83 
78 
84 
8 
0. 18 
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Tab l e 5 .  Paren ta l y i e l ds ( g ) , t i me t o  head i nga and plan t he i gh t  
( em )  i n  spaced-p l an t ed popu l a t i ons grown i n  1 985 and 1 986 
a t  B rook i ngs . 
Y i e l d  
Cul t i va r  1 985  1 986  
SD286 1 9 4 
Guard 7 5 
·Pro t o r  7 3 
Eureka 7 4 
A l ex 7 4 
Ponder a 7 • 2 
T i me t o  
Head i ng 
1 985 1 986  
62  53  
62  53  
62  56  
64 54 
·- 66 53 
64  5 5  
P l ant 
He i ght · 
1 985  1 986  
82  6 7  
8 2  6 7  
76  5 7 
97  74  
95  5 9  
8 2  68  
--------------------------------------------------------------�----a Days t o  head i ng af t e r  Ap r i l  1 9  i n  1 985 and May 5 i n  1 986 . 
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Tab l e  6 .  Pa ren t a l y i e l ds ( g ) , t i me t o  head i nga and p l an t  he i gh t  
( em )  i n  head rows grown i n  1 985 and 1 986  a t  B rook i ngs . 
Y i e l d  
Cu l t i va r  1 985  1 986 
SD286 1 1 0 1  54  
Guard 1 08 72 
Prot  or 1 2 2 28 
Eureka 9 5  4 4  
A l ex 84 35 
Ponde r a 9 1  2 1  
T i me to  
Head i ng 
1 985 1 986 
60  49  
63  48 
62 50 
63 52 
63 52 
6 1  5 3  
P l ant  
He i gh t 
-------------
1 98 5  1 986  
79  74 
84 72  
86 62  
79  8 2  
76  84 
83  69  
----------� � -------------------------------------------------------
a Days to head i ng a f t e r  May 1 i n  1 985 and May 5 i n  1 986 . 
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same numbe r  o f  days as A l ex and Eu reka; Pondera headed 1 t o  2 days 
ea r l i e r .  I n  1 986 , two h i gh-y i e l d i ng paren t s , SD286 1 and 
Guard , and one l ow-y i e l d i ng paren t , A l ex ,  headed 1 t o  3 days 
ea r l i e r t han t he o ther  t h ree paren ts  i n  bul ked and spaced-p l an t ed 
popu l a t i ons . For  head rows all  t h ree h i gh-y i e l ding pa ren t s  headed 
2 to 5 days ea rl i er t han t he low-y i eld i ng pa ren ts . 
Fo r p l an t  he i ght i n  1 985 , the l ow-y i e l d i ng pa ren t s  Eureka 
. and Alex as expec ted , wer e  ta l l e r  i n  bulked popu l a t i ons  ( 1 0 6  and 
1 05 em , r espec t i ve l y ) as compa red to SD286 1 ,  Gua rd ,  and Pro t o r , 
h i gh-y i e l d i ng pa ren t s  (Tab l e  4 ) . Pondera , t he t h i rd  low-y i eld i ng 
pa rent · , was s i m i l a r i n  he i gh t  t o  t he h i gh-y i eld i ng pa ren t s . A 
s i m i l a r t r end was observed i n  spaced-p l an t ed popu l a t i ons s i nce 
Eureka and A l ex we r e  taller than t he three h i gh-y i e l d i ng pa ren t s , 
wh i le Pondera  was s i m i l a r t o  SD286 1 and Guard ( Table 5 ) . Mos t ly 
oppos i t e resul t s , . however ,  we re ob ta i ned i n  head rows i n  1 985 . 
Eureka and Alex we r e  shor t e r  than the h i gh-y i e l d i ng pa r en t s , 
SD286 1 ,  Gua rd , and Pro t o r , and Pondera was ta l le r  than SD286 1 but 
sho r t e r  than Gua rd and Prater (Tab l e  6 ) . 
P l an t  he i gh t s  i n  1 986 showed m i xed resu l ts . P rat er , · a 
h i gh-y i eld i ng pa ren t , was the  sho r test among a l l  t he pa ren t s  In 
bu l ked and spaced-plan t ed populat i ons , and head rows , wh i le o ther 
pa ren t s  wer e  i ncons i s t en t . Pondera was talles t i n  t he bulked and 
spaced-p l an t ed popula t i ons w i th  a mean he i gh t of  84 em and 68 em , 
respec t i ve l y ,  wh i le second t o  sho r t est  i n  t he head rows . 
S i m i larly ,  Alex had a mean he i gh t  o f  84 em and was t he talles t  i n  
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head rows and second sho r test  i n  bu l ked and spaced-p l an t ed 
popu l at i ons w i t h  a mean he i gh t o f  78 em and 5 9  em , r espec t i vely . 
Pe r f o rmance of  C rosses : 
Anal ys i s  of  var i ance showed s i gn i f i can t d i f f e r ences among 
the c rosses f o r y i e l d ,  t i me t o  head i ng ,  and p l an t  he i ght  i n  bo th  
. years  ( Tab l e  7 ) . Generat i ons we re  s i gn i f i can t ly d i f f e ren t only f or 
t i me t o  head i ng i n  bot h  year s . H i gh l y  s i gn i f i cant i n t e rac t i ons  
be tween c ross and generat i on was det ec t ed for  t i me to  head i ng i n  
both  years , and f o r  p l an t  he i ght i n  1 986 . Th i s  i n t e r ac t i on was no t 
s i gn i f i can t f o r y i eld i n  e i the r year �r f o r plan t he i gh t  i n  1 985 . 
Mean and va r i ance pe r f ormances of  the 1 5  c rosses i n  ea rly 
generat i on bulked popu l at i ons and der i ved l i nes we r e  evalua t ed .  
The r esult s w i l l be presen t ed i n  t he f ollow i ng o rder;  g ra i n  y i eld , 
t i me t o  head i ng ,  and p l an t  he i gh t . 
Y i eld 
I n  1 985 , the f our  h i ghest -y i eld i ng c r osses n o t  d i f f e r i ng · 
s i gn i f i can t ly i n  the  bulked F3 populat i ons we r e  crosses 1 ,  h i gh x 
h i gh par en t s , and 5 ,  7 ,  and 8 ,  h i gh x low pa ren t s  (Table 8 ) . The 
mean y i e l d  o f  these c rosses was 1 866 , 1 945 , 1 928 ,  and 1 9 6 9  g r ams , 
respec t i ve l y. C r oss 1 4 , low x low paren t s , w i th  a mean y i eld of  
1 6 1 4  g rams ( 1 6% less than the h i ghest -y i eld i ng g roup )  was 
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Tab l e  7 .  Analys i s  o f  va r i ance f o r  1 5  spr i ng whea t c rosses i n  
bu l ked popu l a t i ons i n  1 985 and 1 986. 
Source df 
Rep 2 
Cross 1 4  
Genera t i on 2 
C r oss 
X 
Generat i on 2 6  
E r ro r  · 84 
1 985  
T i me t o  
Y i eld Head i ng 
** * 
** ** 
0.80 ** 
0.2 7  ** 
P l ant 
He i gh t  
0 . 1 1  
** 
0 . 3 3 
0 . 5 9 
Y i eld 
0 . 3 6 
** 
0 . 8 1 
0.22  
1 986  
T i me t o  
Head i ng 
0.3 7  
** 
** 
** 
P l an t  
He i ght 
** 
** 
0 . 1 6  
---�----------------�----------------------------------------------
* ** S i gn i f i can t a t  0.05 and 0 . 0 1 p robab i l i t y leve l s ,  ' 
respec t i vely . 
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the l owes t y i e l d i ng c ross and was f o l l owed by c rosses 6 ,  9 ,  1 0 ,  and 
1 1 ,  a l l h i gh x l ow paren t s . I n  1 986 , c ross 1 0  p roduced t he h i ghes t 
mean y i e l d ,  6 1 0  grams , f rom bu l ked F4 popu l at i ons and d i d  not  
d i f f e r  s i gn i f i can t l y  f rom c rosses 1 ,  3 ,  7 ,  and 8 ( Tab l e  9 ) . C r oss 
1 4  was aga i n  one of the l owest y i e l d i ng bu l ked popu l a t i on means 
w i th  on l y  c r oss 4 be i ng l ower . The y i e l d  of  c ross 4 was 4 1 1  grams , 
28% l ess than the h i gh-y i e l d i ng c rosses . Other  l ow-y i e l d i ng 
. c rosses were  c rosses 5 and 9 ,  h i gh x l ow paren t s , and c r oss 1 5 , l ow 
x l ow pa ren t s. 
C ross 3 ,  h i gh-y i e l d i ng parents , exh i b i ted the  l a rgest  
va r i ance ( 1 0 . 5 3 )  i n  F3 spaced-p l an t ed popu l a t i ons i n  1 985  ( Tab l e  
8 ) . I t  was c l ose l y  f o l l owed by c rosses 4 ,  5 ,  and 9 ,  h i gh x l ow 
pa ren t s , and c ross 1 5 , l ow x l ow par en ts . Crosses 1 4 , 10 , and 1 1  
w i th va l ues o f  4 . 3 3 ,  4 . 64 ,  and 4.69 , respect i ve l y ,  showed the  
sma l l est  va r i ances . Th i s  s i tua t i on reversed somewha t i n  1986 . The 
poo r l y  pe r f orm i ng c r oss 1 0  i n  1 985 , showed the l a r�es t  va r i anc� i n  
1 986 w i th a va l ue o f  5 . 05 and c ross 3 d i sp l ayed a compa rat i ve l y  
sma l l va r i ance ( 2 . 0 3 )  ( Tab l e  9 ) . The o ther three c rosses wh i ch 
produced the  l a rger  va r i ance va l ues in 1986 we re  c rosses 1 ,  ·5 ,  and 
6 ,  wh i l e  c rosses 7 ,  1 3 ,  and 14 produced the sma l l e r va r i ances . 
The re l at i onsh i p  be tween means and va r i ances o f  t he ea r l y  
genera t i on bu l ked popu l a t i ons produced i ncons i s t en t  resu l t s .  
Co r re l a t i on va l ues 0 . 3 1 and 0 . 3 0 f o r  1 985  and 1986 , respect i ve l y, 
we re  nons i gn i f i can t bu t pos i t i ve .  A number  of  c r osses w i t h  h i ghe r 
or  l owe r mean y i e l d  d i d  not  produce s i m i l a r resu l ts f or va r i ances . 
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Tab l e  8 .  Y i e l d  ( g )  o f  F3 -der i ved F5 l i nes and ea r l y  generat i on means and var i ances i n  1 955 . 
F a 3 F3 De r i ved F5 L i nes 
Cross 
No . Mean Var i ance Mean Range 
1 1 86 6  
2 1 83 0  
3 1 8 1 3 
4 1 85 0  
5 1 94 5  
6 1 767  
7 1 928 
8 1 96 9  
9 1 76 9  
1 0  1 72 5  
1 1  1 7 5 2  
1 3  1 82 1  
1 4  1 6 1 4  
1 5  1 83 4  
LS00 . 05 85  
6 . 25 
5 . 5 5 
1 0 . 5 3 
8 . 0 7 
9 . 3 2 
6 . 5 8 
5 . 4 2 
5 .  0 9  . 
7. 7 3  
4 . 64 
4 . 69 
6 . 1 6  
4 . 3 3 
8 . 6 3 
H i gh x H i gh Crosses 
- - - - - - - - - - - - - - - - - - -
1 1 8 1 76 
73 85 
1 4 3 1 42 
H i gh X Low Crosses 
- - - - - - - - - - - - - - - - - -
79  - 1 1 8 
87  89  
1 08 1 3 5  
1 1 0 1 48 
63  1 3 9 
74 80 
7 1  1 3 9 
1 0 1  1 2 1  
Low x Low C ros�es 
- - - - - - - - - - - - - - - - -
82  
79  
9 5  
1 6 0 
1 06 
1 3 5 
Top-F i ve 
1 80 
1 00 
1 92 
1 1 6 
1 1 7 
1 5 2  
1 5 6  
1 0 5 
1 0 2 
1 1 6 
1 3 5 
1 3 1  
11 4 
1 28 
Top-One 
209 
1 1 0  
225  
1 4 5 
1 28 
1 74 
1 92 
1 49 
1 1 0 
1 48 
1 43 
1 85 
1 3 6  
1 4 5  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -a Means and va r i ances es t i ma t ed f r om . bu l ked and spaced-p l an t ed 
popu l a t i ons , respec t i ve l y. 
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Tab l e 9 .  Y i e l d  ( g )  o f  F4-der i ved F6 l i nes and ea r l y  gene r a t i on means and var i ances i n  1 986 . 
C r oss 
No . Mean 
1 5 63  
2 487 
3 5 5 7  
4 4 1 1 
5 4 5 2  
6 470  
7 548 
8 5 5 7  
9 454  
1 0  6 1 0  
11 4 1 8  
F a 4 
Var i ance 
4 . 54 
3 . 28 
2 . 03 
3 . 3 6 
4 . 27 
4 . 22 
1 . 3 9 
2 . 28 
1 . 24 
5 . 0 5 
2 . 5 6 
F4 De r i ved F6 L i nes 
Mean Range Top-F i ve 
H i gh x H i gh Crosses 
- - - - - - - - - - - - - - - - - - -
77 1 40 1 1 0 
7 1  1 22 1 1 2 
64 1 1 4 1 04 
H i gh x Low C rosses 
- - - - - - - - - - - - - - - - - -
52  1 00 87 
44 5 9  5 9  
47  70  73  
39  6 1  6 1  
3 9  68 5 9  
4 1 97  6 1  
4 2  7 4  6 6  
4 2  95  7 1  
Low x Low Crosses 
- - - - - - - - - - - - - - - - -
Top-One 
1 6 2 
1 4 5 
1 4 1  
1 0 9 
7 2  
83  
74  
73  
1 06 
83 
1 09 
1 3  489 0 .  73  50  1 0 0 8 1  1 0 6 
14 4 1 3  0 . 63 45 70  " 64 90  
1 5  442  2 . 08 32  111 54  12 1 
Lso0 . 05 85 . 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
- - - - - - - - - - - -
a Means and va r i ances es t i ma ted f r om bu l ked and spaced-p l an t ed 
popu l a t i ons , respec t i ve l y. 
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Some crosses , however ,  were  equa l l y  h i gh or  l ow i n  means and 
va r i ances . Examp l es a re  c r osses 5 ,  1 0 ,  1 1 ,  and 1 4  i n  1 98 5 , and 
c rosses 1 ,  1 0 ,  and 1 4  i n  1 986 ( Tab l es 8 and 9 ) . 
The use of means and var i ances of the ear l y  genera t i ons of  
bu l ked popu l a t i ons appears t o  modera te l y  pred i ct t hose c r osses 
wh i ch produced the grea t e r  propo r t i on o f  h i gh-y i e l d i ng de r i ved 
l i nes. Pearson and Spearman co r re l at i on coef f i c i en t s  we re  
comput ed .  Y i e l ds of  F bu l ked popu l a t i ons and F spaced-p l an t ed n n 
va r i ances wer e  cor re l a t ed w i t h  y i e l ds of  der i ved l i nes i n  t he Fn+2 
genera t i on wher e  n = 3 and 4 i n  1 985 and 1 986 , respec t i ve l y . 
Cor re l a t i ons we re  made o f  means y i e l ds over a l l t he c rosses i n  1 985 
and 1 986  and comb i ned over years  ( Tab l es 10 and. 1 1 ) . B o t h  Pearson 
and Spearman co r re l at i on coef f i c i en ts  de tec t ed a pos i t i ve 
re l a t i onsh i p  f o r  a l l t he  compar i sons , excep t f or Spearman 
co r re l a t i on coef f i c i en t s  be tween F4 bul ked popu l a t i on means and 
means of  the t op-one der i ved l i nes i n  1 986 . The two h i ghes t 
co r re l a t i on coef f i c i en t s  i n  1 985 , 0 . 44 and 0 . 3 2 ,  we r e  ob ta i ned w i th  
Pearson co r r e l at i on coef f i c i en ts  when va r i ances of  the  spaced-
p l an ted popu l a t i ons we re  co r r e l a ted � i th  the means o f  a l l t h� 
der i ved l i nes and t op-f i ve l i nes , respec t i ve l y .  The l owes t 
cor re l a t i on va l ues , 0 . 05 and 0 . 08 ,  we re  obta i ned when ea r l y  
generat i on bul ked means were co r re l a ted w i th  the means o f  t he 
der i ved l i nes and t op- f i ve l i nes , respect i ve l y .  Compa r i sons o f  F3 
bul ked popu l a t i on means and spaced-p lant ed popu l at i on va r iances 
w i th the means o f  the  top-one l i nes gave s i m i l a r cor re l a t i on va l ues 
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Tab l e  1 0 .  Pea rson co r relat i on coef f i c i en t s  f o r  y i e l d  among F a 
genera t i on means and var i ances and F *2  de r i ved I i
Res 
f o r  1 5  c r osses of spr i ng whea t i n  1 9§ � ,  1 986  and years  
comb i ned . 
F 
cQnerat i on 
Mean of 
Bu l ked 
. Popu I at i ons 
Va r i ance o f  
Spaced-P l an ted 
Popu l a t i ons 
F 
Gn+2 t • enera  I on 
Top One 
Top F i ve 
Mean 
Top One 
Top F i ve 
Mean 
r 
1 985 1 986  Comb i ned 
0 . 1 7  0 . 08 0 . 1 4 
0 . 08 0 . 2 1 0 . 1 3  
0 . 05 0 . 24 0 . 1 1  
0 . 20 0 . 1 0  0 .  1 6  
0 . 3 2  0 . 24 0 . 2 9 
0 . 44  0 . 3 0 0 . 3 9* 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - � 
* S i gn i f i can t a t  0 . 05 and 0 . 0 1 p robab i l i ty l eve l s ,  r espec t i vely . a n = 3 and 4 i n  1 985 and 1 986 , respec t i vely . 
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Tab l e  1 1 . Spearman corre l at i on coef f i c i en t s  f or y i e l d  among F a 
generat i on means and vari ances and F *2  deri ved l i nQs f or 1 5  crosses of  spr i ng wheat i n  1 9§ � ,  1 98 6  and years 
comb i ned . 
F 
cQnera t i on 
Mean o f  
Bu l ked 
. Popu 1 at i ons 
Var i ance o f  
Spaced-P l an t ed 
Popu l at i ons 
F 
Gn+2 t ' enera 1 on 
Top One 
Top F i ve 
Mean 
Top One 
Top F i ve 
Mean 
r 
1 985 1 986  Comb i ned 
0 . 1 8 -0 . 02 0 . 06 
0 . 07 0 . 1 9  0 . 1 1  
0 . 04 0 . 06 0.0 9  
0 . 1 1  0 . 0 1 0 . 0 6 
0 . 3 0 0 . 20 0 . 2 6 
0 . 3 9 0 . 23 0 . 3 4 
-----------------------------------�-------------------------------a 3 and 4 i n  1 985  and 1 986 , respec t i ve l y .  n = 
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of  0 . 17 and 0 . 20 ,  respect i ve l y .  
I n  1 986 , var i ances of  the spaced-p l an t ed popu l at i ons 
p roduced l arge r coef f i c i en t  val ues as compared to means of the 
bu l ked popu l at i ons. Cor re l at i on coef f i c i en t s  comput ed f o r bo th  
years comb i ned we re  no t  much d i f f eren t  t han the  i nd i v i dua l yea r 
compar i sons . However ,  s i gn i f i cant and pos i t i ve co r re l a t i on 
coef f i c i en t s  we re  obta i ned when var i ances of  spaced-p l an t ed 
popul at i ons we re  co r r e l a t ed w i th  t he means of  t he der i ved l i nes � 
W i t h  f ew excep t i ons , bo th  Pearson and Spearman cor re l at i on 
coe f f i c i en t s  wer e  s i m i l ar i n  de t ec t i ng the  d i f f e ren t  r e l at i onsh i ps .  
S i nce cu l t i vars o f  wheat are i nbred l i nes , t he mean y i e l ds 
of  t he der i ved l i nes are of  i n t e res t . I n  1 985 , .  c ross 1 and 3 ,  h i gh 
x h i gh paren t s , pr oduced F5 l i nes w i th the max i mum mean y i e l d  of  
1 1 8 grams and 1 43 grams , respec t i ve l y  (Table 8 ) . Cross 1 w i th a 
bu l ked mean y i eld . o f  1 86 6  grams , and c ioss 3 ,  w i t h  a compa r at i ve l y  
l ow bul ked popu l a t i on y i e l d  but h i gh va r i ance ( 1 0 . 5 3 ) , i n  t he F3 
generat i on were  among the  bes t c rosses . I n  add i t i on ,  the  mean 
y i e l ds of the t op-f i ve and top-one der i ved l i nes o f  t hes� c rosses 
were  among the h i ghes t . However ,  t he . range o f  1 76 grams f o r · l i nes 
de r i ved f rom c r oss 1 was the h i ghes t and c ross 3 was f our t h  
h i ghest . Other  h i gh-y i e l d i ng der i ved l i nes we re  ob ta i ned f r om 
crosses 6 ,  7 ,  and 1 1 ,  h i gh x l ow pa ren ts . Of t hese , on l y  c ross 7 
w i t h  a mean y i e l d  o f  1 928 grams i n  bul ked popula t i on was i nc l uded 
among the  p rev i ous l y  i den t i f i ed super i o r c r osses . The mean y i e l d · 
o f  the  t op- f i ve l i nes f rom all th ree crosses and the per f o rmance o f  
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the t op-one l i ne f rom c r osses 6 and 7 f o l l owed a s i m i l ar pa t t ern . 
Surpri s i ng l y ,  the  der i ved l i nes wh i ch averaged the  l owes t  y i e l d ,  63  
grams , was  deri ved f r om c ross 8 .  Th i s  c ross had produced t he 
max i mum mean y i e l d  o f  1 96 9  grams i n  F3 bu l ks .  The o t he r  
l ow-y i e l d i ng means f or der i ved l i nes were f rom c rosses 2 ,  9 and 1 0 .  
These crosses , w i t h  e i ther l ow means o r  vari ances o r  bo t h , were not  
i nc l uded among t he best per f orm i ng crosses . The d i f f e r ences i n  
. range f or t op- f i ve l i ne perf ormances o f  these crosses were s i m i l ar 
t o  the o ther crosses (Tab l e  8 ) . 
I n  1 986 , the  h i ghest -y i e l d i ng der i ved l i nes (means , t op-one 
and t op-f i ve )  and max i mum ranges were ob ta i ned f r om crosses 1 ,  2 ,  
and 3 ,  a l l w f t h  h i gh-y i e l d i ng parent s  ( Tab l e  9 ) . Among these , 
cross 1 w i t h  the  second h i ghest mean ( 5 63 grams ) and va r i ance 
( 4 . 54 )  f o r  y i e l d  and cross 3 w i th  a mean y i e l d  of  5 5 7  g rams we re  
cons i dered t he best crosses . H i gh y i e i d i ng deri ved l i nes we r e  a l so 
ob ta i ned f r om crosses 4 and 1 3 .  Cross 4 ,  however, had t he l owes t 
bu l ked popu l a t i on mean y i e l d ,  411 grams . Cross 13 w i t h  a mean o f  
489  grams and vari ance 0 . 73 for y i e l d  a l so produced sqme 
h i ghe r -y i e l d i ng der i ved l i nes . The range , t op-one , and t op�f i ve 
deri ved l i nes ob t a i ned for c rosses 4 and 13 showed s i m i l a r va l ue� 
( Tab l e  9 ) . The l owes t mean f or a l l the t op-f i ve l i nes and deri ved 
l i nes we re  ob ta i ned f r om crosses 1 5 , 7 and 8 .  Based on t he 
performance  of  bu l ked popu l a t i ons these c rosses shou l d  have been 
among the bes t crosses f or der i ved l i nes . 
The th ree bu l ked popu l a t i on genera t i ons we r e  exam i ned t o  
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i den t i f y wh i ch generat i on was supe r i o r i n  pred i c t i ng c rosses 
produc i ng h i gh-y i e l d i ng der i ved l i nes . Cor re l at i on coef f i c i en t s  
between t h e  bu l ked popu l at i on means of  the F3 , F4 , F5 , and t he i r 
average comb i ned and F3 der i ved F5 l i nes ( t op-one , t op-f i ve ,  means 
and var i ances } i n  1 985 showed nons i gn i f i can t  bu t pos i t i ve 
re l at i onsh i ps f o r a l l t he compar i sons . Means f o r  t he bu l ked 
popu l at i ons and der i ved l i nes are g i ven i n  Tab l e  1 2 .  S i nce  a l l the 
. cor re l at i ons wer e  nons i gn i f i can t  they w i l l  not  be p r esen t ed .  
Co r r e l at i on va l ues f or F4 , F5 , and average of  a l l the generat i ons 
comb i ned were  h i gher  than F3 . The h i ghest coef f i c i en t  was 0 . 07 f o r  
the F4 generat i on .  The l owes t  was 0 . 05 f o r  t he F3 gene r a t i on .  The 
t rend of l at e  generat i ons hav i ng mo re  pred i ct ed value . can be seen 
i n  Tab l e  1 2 .  I n  the F4 the f ou r  h i ghe r · pe r f o rm i ng c r osses p roduced 
the h i gher y i eld i ng der i ved l i nes and was f o l lowed by F5 and 
average of  all the generat i ons comb i ned , i n  each case the th ree 
h i gh-y i e l d i ng c r osses pr oduced the h i gh-y i e l d i ng de r i ved 1 i nes . 
The F3 generat i on was comparat i ve l y  less ef f i c i en t . On l y  two 
h i gh-y i e l d i ng c rosses produced the h i gh-y i e l d i ng der i ved l i nes . 
I n  1 986 , the r e l at i onsh i p  be tween the mean y i e l d  o f  der i ved 
l i nes and bu l ked mean y i e l ds of the F4 , F5 , F6 genera t i ons was 
s i m i lar as i n  1 985 a l though a l l  cor re l a t i on coef f i c i en t s  we r e  
h i gher . The h i ghes t cor re l a t i on was be tween the F6 bulked 
popula t i on mean and the der i ved l i nes was 0 . 5 2 .  The low 
co r r ela t i on was 0 . 2 5 . Th i s  was be tween the F4 bulked popu l a t i on 
mean and the mean o f  the  de r i ved l i ne .  The bulked mean y i elds of  
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Tab l e  1 2 . Y i e l d  ( g )  compar i sons among ear l y  generat i on bu l ked 
popu l at i on means w i th the mean y i e l ds o f  the F3 -de r i ved F5 l i nes i n  1 985 . 
F3 Der i ved F5 L i nes 
C ross 
No . F3 Bu l k F4 Bu l k F5 Bu l k Average Mean Top-F i ve Top-One 
H i gh x H i gh Crosses 
- - --- --- - - - ----- - - -
1 1 86 6  1 923  1 9 23  1 9 04 1 1 8 1 80 2 0 9  
2 1 83 0  1 8 2 1  1 72 2 1 7 9 1  7 3  1 00 1 1 0  
3 1 8 1 3  1 7 1 8  1 784 1 772 1 4 3 1 92 22 5  
H i gh x Low Crosses 
- -- - - --- - - - - -- - - - -
4 1 85 0  1 789 1 79 6  1 8 1 2  79  1 1 6  1 4 5 
5 1 94 5  1 828 1 724 1 832  87  1 1 7 1 28 . 
6 1 76 7  1 86 1  1 80 0  1 809  1 08 1 5 2  1 74 
7 1 928 1 85 0  1 8 1 9  1 866  1 1 0  1 5 6 1 92 
8 1 96 9  1 96 5  1 95 6  1 963  63  1 05 1 4 9  
9 1 7 6 9  1 708  1 80 0  1 75 9  74 1 02 1 1 0 
1 0  1 72 5  1 6 1 9  1 7 5 0  1 698 7 1  1 1 6 1 48 
1 1  1 7 5 2  1 84 6 1 876  1 824  1 0 2 1 3 5 1 4 3 
1 2  1 7$8 1 774  70  1 1 7 1 5 1  
Low x Low Crosses 
- -- - - - - - - - -- - - - - - -
1 3  1 82 1 1 83 3  1 93 1  1 862 82  1 3 1  1 85 
1 4 1 6 1 4 1 6 7 1  79  1 1 4 1 3 6 
1 5  1 834  1 7 6 2  1 83 3  1 8 1 0  95 1 28 1 4 5 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
LSD0 . 05 f o r  bu l ked popu l a t i on s  i s  85 g .  
39 
the F4 , F 5 , F6 generat i ons and the i r means were  equa l l y  e f f ec t i ve 
i n  i dent i f y i ng crosses 1 ,  2 ,  3 , and 1 3  wh i ch produced t h e  de r i ved 
l i nes w i t h  the  h i ghest mean y i e l ds of  77 , 7 1 , 64 , and 5 0  g rams , 
respect i ve l y ,  as we l l  as the  top-one and t op-f i ve l i nes w i t h  t he 
h i ghes t mean va l ues ( Tab l e  .1 3 ) . The o the r  h i gh-y i e l d i ng der i ved 
l i nes w i t h  a mean y i e l d  of  5 2  grams was ob ta i ned f rom c r oss  4 wh i ch 
was i den t i f i ed as the bes t cross by F5 , F6 and the average  of a l l 
t h r ee generat i ons . 
T i me t o  Head i ng 
Among the ear l y  headed crosses i n  F3 bu l ked popu l at i ons 1 n  
1 985 , c r oss 2 ,  h i gh x h i gh paren ts , and c rosses 4 and 5 ,  h i gh x low 
paren t s , averaged 6 0  days t o  head i ng ( Feeks sca l e ,  s t age 1 0 . 3 )  and 
we re  c l ose l y  f o l l owed by cr osses 1 and · 3 ,  h i gh x h i gh pa ren t s , and 
6 and 1 0 ,  h i gh x l ow paren ts , w i t h  a mean t i me t o  head i ng of 6 1  
days ( Tab l e 1 4 ) . Crosses 1 3  and 1 5 ,  l ow x l ow · paren t s ,  w i t h a mean 
head i ng t i me o f  6 5  days and c r oss 8 ,  h i gh x l ow pa ren t s , w i th  a 
head i ng t i me o f  6 3  days we re t he l a t �st  among t he c r o sses . I n  
1 986 , the ea rl i es t -headed crosses were 1 ,  2 ,  4 ,  6 ,  and 1 0  w i th a · 
t i me t o  head i ng of  5 0  days ( Tab l e  1 5 ) . Crosses 8 and 1 3  we re  t he 
l as t  to  head ( 5 4 days ) . 
The larges t var i ance f o r  t i me to  head i ng i n  1 985  was 4 . 67 
f o r  c ross 1 3 and was f o l l owed by the c r osses 9 ,  1 4 , and  1 5 . 
C r osses 2 and 6 p r oduced t he sma l l es t  va r iance w i th  values 0 . 24 and 
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Tab l e 1 3 . Y i e l d  ( g )  compar i sons among ea r l y  genera t i on bu l ked 
popu l at i on means w i t h  t he mean y i e l ds of  t he F4 -de r i ved F6 l i nes i n  1 986 . 
F4 De r i ved F6 L i nes 
Cross 
No . F4 Bu l k  F5 Bu l k  F6 Bu l k  Average Mean Top-F i ve Top-One 
H i gh x H i gh Crosses 
- - - - - - - - - - - - - - - - - - -
1 5 6 3  5 6 6  5 91 573  77 1 09 1 62 
2 487 5 9 1  5 4 1  540  71 1 1 2 1 45 
3 5 5 7  5 5 3  5 8 3  564  64  1 04 141 
H i gh x Low Crosses 
- - - - - - - - - - - - - - - - - -
4 4 1 1 587  5 70 522  5 2  87 1 0 9 
5 4.5 2  5 3 6  486  49 1 44 59 72  
6 470  472  4 17 453  47  73  83 
7 548  372  599  506  39  6 1  74 
8 5 5 7  5 7 5  573  5 68 3 9  5 9  7 3  
9 4 5 4  4 71  4 70  4 6 5  4 1  6 1  1 06 
1 0  610 4 3 7  4 6 5  504  42  66  83  
1 1  418 3 7 9  441  413 42 71  1 09 
1 2  424  521 40  6 7  90  
Low x Low Crosses 
- - - - - - - - - - - � - - - - -
13 489 570 5 28 529  50  8 1  10 6 
14 4 1 3  388 45  64  90  
1 5  442  408  373  408  3 2  5 4  12 1 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - � - - - -
LSD0 . 05 f o r bu l ked popu l at i ons i s  85 · g. 
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Tab l e 1 4 .  T i me t o  head i ng of  F3-der i ved F5 l i nes and ea r ly genera t i on means and var i ances I n  1 985a . 
-
- -
- - - - - -
- -
- - - -F;6- - - - - - - - - - - - - - - - - - - - -F; -o�;i��d-F;-
L
i���
- -
-
-
- -
- -
Cross 
No . Mean Var i ance 
1 6 1  1 . 2 2 
2 60  0 . 24 
3 6 1  1 . 8 1 
4 60  1 . 68 
5 60  1 . 2 2 
6 6 1  0 . 9 0 
7 6 2  1 . 95 
8 6 3  1 . 5 6 
9 62  2 . 0 3 
1 0  6 1  1 . 72 
1 1  6 2  1 . 4 9 
1 3  6 5  4 . 67 
1 4  6 2  2 . 9 9 
1 5  6 5  2 . 7 6 
LSD 0 . 4  
Mean Range Top-F i ve Top-One 
H i gh x H i gh Crosses 
-
-
- - - -
-
-
- -
-
-
- - - - - - -
63  1 0  6 1  60  
62  2 6 1  6 1  
62  5 60  5 9  
H i gh x Low Crosses 
- - - - - -- - - - - - - - - - - -
60 2 5 9  5 9  
6 0  2 60  60  
6 1  3 6 1  60  
63  5 6 1  6 1  
6 1  5 5 9  5 9  
62  5 60  60  
60  2 5 9  5 9  
6 2  9 60  59  
Low x Low crosses 
- - - - - - - - - - - - - - - - -
62  8 60  59  
62  7 6 1  5 9  
62  6 6 1  60  
- - - - --- - - -- - - - - - - - - - - - ---- - - - - -- - -- - - - -- - --- - - -- - - - - - - - - - - - - - - - - - -a Days t o  head i ng a f t e r  Ap r i l  1 9  i n  bulked and spaced-plan t ed 
gopula t i ons and May 1 i n  der i ved l i nes . 
Means and var i ances es t i mated from bu l ked and spaced-p l an t ed 
populat i ons , respec t i vely . 
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Tab l e  1 5 . T i me t o  head i ng of  F4-der i ved F6 l i nes and ea r l y  generat i on means and va r i ances I n  1 986a . 
-------------F�5-----------------------F�-o�;i��d-F�-Li���---------
Cross 
No . Mean 
1 5 0  
2 s o  
3 5 1  
4 s o  
5 5 1  
6 s o  
7 5 2  
8 5 4  
9 5 2  
1 0  s o  
11 5 2  
1 3  54  
1 4  5 3  
1 5  5 3  
LSD 0 . 08 
Va r i ance 
1 . 74 
2 . 96 
2 . 4 2 
5 . 6 5 
2 . 73 
1 . 3 3  
5 . 1 7 
5 . 5 9 
1 . 28 
4 . 1 5 
2 . 4 1 
2 . 5 2 
1 . 4 2 
2 . 8 1 
Mean Range Top-F i ve Top-One 
H i gh x H i gh Crosses 
-------------------
47  7 4 5  45  
48  5 47  46  
48  5 46  45  
H i gh X Low Crosses 
------------------
48 8 4 5  45  
49  9 46  45  
48  6 47 4 6  
so  7 4 7  4 7  
5 1  7 4 9  4 7 
s o  8 47  45  
48  1 0  4 5  4 4  
s o  6 47  4 7  
Low x Low Crosses 
-----------------
5 3  4 5 2  5 1  
5 1  5 s o  4 9  
5 3  4 5 2  5 0  
-------------------------------------------------------------------� Days to head i ng af te r  May 5 .  
Means and va r i ances est i mated f r om · bul ked and spaced-p l an t ed 
popu l a t i ons , respect i ve l y .  
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0 . 90 ,  respec t i ve l y  ( Tab l e  1 4 ) . I n  1 986 , c r osses 4 , 7 ,  and 8 showed 
t he l argest  var i ance w i t h  val ues of 5 . 65 ,  5 . 1 7 ,  and 5 . 5 9 ,  
respect i ve l y .  Crosses 1 ,  6 ,  9 ,  and 1 4  w i th  var i ance  va l ues of  
1 . 74 ,  1 . 3 3 ,  1 . 28 , and 1 . 42 ,  respec t i ve l y ,  were among t he sma l l est  
( Tab l e  1 5 ) . 
The compar i sons of  ear l y  generat i on means and var i ances of 
t i me to head i ng t o  the means of  l i nes deri ved f rom the  bu l ks are 
. present ed i n  Tab l es 1 4  and 1 5 . The F5 l i nes wh i ch headed 1 t o  3 
days ear l i er i n  1 985  were f rom crosses 4 ,  5 ,  and 1 0 .  C rosses 4 and 
5 were expected t o  produce earl y head i ng l i nes s i nce  t hey 
themse l ves were ear l y head i ng .  S i m i l ar response of head i ng was 
f ound i n  t he t op-one �nd t op-f i ve l i n�s of · these crosses . · The · 
l i nes deri ved f r om crosses 1 and 2 ,  ear l y-head i ng bu l ked 
popu l at i ons , and c rosses 13 and 1 5 , l at e-head i ng bu l ked 
popu l at i ons , d i d  not  f o l l ow the pat tern of head i ng o f  t he i r  ear l y  
generat i ons ( Tab l e  1 4 ) . The l i nes deri ved from crosses 1 and 2 
headed 2 t o  3 days l at er than those ob ta i ned from crosses 1 3  and 
1 5 . Th i s  was 3 days earl i e r than the mean of the  l i nes . i n  earl y 
generat i ons . I n  genera l , the head i ng. of  the t op-one and t op�fi ve  
deri ved l i nes obta i ned f r om both  h i gh and l ow-y i e l d i ng pa r en t s was 
not  i n  ag reemen t w i t h  e i t her F3 bu l ked popu l at i on means o r  F5 
deri ved l i nes . 
I n  1 986 , the F4 deri ved F6 l i nes headed 1 t o  6 days ea r l i e r 
than t he mean of the o ther  der i ved l i nes from crosses 1 ,  2 ,  and 3 ,  
a l l h i gh-y i e l d i ng pa r en t s . S i m i l a r resul t s  we re  seen w i th  c r osses 
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4 , · 6 ,  and 1 0 ,  a l l h i gh x l ow parents  (Tab l e  1 5 ) . These c rosses 
we re  ear l y  head i ng i n  the i r bu l ked popu l at i on per f ormance . 
Var i ances , however ,  we r e  not  cons i st en t . The l i nes der i ved f rom 
t he c rosses of l ow by l ow paren t s  f o l l owed a s i m i l a r pat t e rn o f  
head i ng t o  t he i r F3 bu l ks f o r  the mean , t op-one and t op-f i ve l i nes . 
The compar i son of the F n de r i ved Fn+2 l i nes w i th t he mean 
va l ues f rom ea r l y  generat i ons bu l ked popu l a t i ons i s  g i ven i n  Tab l es 
1 6  and 1 7 .  The i nd i v i dua l F3 , F4 , and F5 va l ues and t he i r ave rage 
ef f ec t i ve l y  p r ed i c t ed c rosses 4 ,  5 ,  and 1 0  as p r oduc i ng l i nes 
headed 1 to 4 days ear l i e r t han the ave rage o f  the der i ved l i nes 
( Tab l e  1 6 ) . The der i ved l i nes obta i ned i n  the o the r  c r osses d i d  
not  f o l l ow the i r pa t t ern  of  head i ng i n  ea r l y  genera t i ons . 
Co r re l a t i ons be tween ea r l y  genera t i on bu l ked popu l a t i on means and 
t he means of  t he der i ved l i nes we re nons i gn i f i cant and i n  some 
cases nega t i ve .  
I n  1 98 6 , the c rosses wh i ch we r e  i den t i f i ed · as ea r l y  i ri  
head i ng i n  F4 , F5 , and F6 genera t i ons and the i �  ave rage , p r oduced 
l i nes wh i ch wer e  re l a t i ve l y  ear l y  i n  head i ng ( Tab l e  1 7 ) . 
S i m i l ar l y ,  t he l i nes wh i ch we re  l a t e . t o  head we r e  der i ved f iom 
crosses wh i ch headed late i n  all the bulked generat i ons tests . 
The Pearson and Spea rman cor relat i on coef f i c i ents showed 
pos i t i ve ,  s i gn i f i cant relat i onsh i ps between F bulked means and the n 
means of  the Fn+2 de r i ved
, top-one , and top- f i ve l i nes i n  1 98 6  and 
i n  both yea r s  comb i ned . Va r i ance values we r e  generally not 
cor related w i th  Fn+2 de r i ved l i ne va lues { Tables 18 & 1 9 ) . 
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Tab l e  1 6 .  T i me t o  head i nga compar i sons among ear l y  generat i on 
bu l ked popu l a t i on means w i t h  the mean head i ng o f  the  F3 -der i ved F5 l i nes i n  1 985 . 
F3 De r i ved F5 L i nes 
Cross 
No . F3 Bu l k  F4 Bu l k  F5 Bu l k  Average Mean Top-F i ve Top-One 
H i gh x H i gh c rosses 
- - - - - - - - - - - - - - - - - - -
1 6 1  5 9  6 1  60  63  6 1  60  
2 60  6 1  62  6 1  62  6 1  6 1  
3 6 1  62  6 1  6 1  62  60  59  
H i gh X Low Crosses 
- - - - - - - - - - - - - - - - - -
4 60  59  6 1  60  60  59  59  
5 6 0  6 1  6 0  6 0  60 6 0  6 0  
6 6 1  6 2  6 1  6 1  6 1  6 0  6 0  
7 6 2 62 63  62  63  6 1  6 1  
8 6 3  6 2 63  63  6 1  5 9  5 9  
9 6 2  6 2 63  62  6 2  6 0  6 0  
1 0  6 1  6 1  6 1  6 1  6 0  5 9  5 9  
1 1  6 2  6 2 6 1  63 62 6 0  5 9  
1 2  ' 6 1  62 64 62 6 1  
Low x Low Crosses 
- - - - - - - - - - - - - - - - -
1 3  6 5  6 5  6 5  6 5  6 2  6 0  5 9  
1 4 62  63 62  6 1  5 9  
1 5  65  65  65  65  62  6 1  60  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
LSD0 05  f o r  bu l ked popu l a t i ons i f  . 4 days . . a Days t o  head i ng a f t e r  Ap r i l 1 9  i n  bu l k  and May 1 i n  der i ved 
l i nes . 
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Tab l e  1 7 .  T i me t o  head i nga compar i sons among ear l y  genera t i on 
bu l ked popu l a t i on means w i th  the mean head i ng o f  the  F4-der i ved F6 l i nes i n  1 986 . 
F4 De r i ved F6 L i nes 
C ross 
No . F4 Bu l k  F5 Bu l k  F6 Bu l k  Average Mean Top-F i ve Top-One 
H i gh x H i gh Crosses 
- - - - - - - - -- - - - - - - - --
1 5 0  5 0  4 9  5 0  4 7  4 6  4 5  
2 5 0  5 2  5 1  5 1  48 4 7  4 6  
3 5 1  5 1  5 2  5 1  48 4 6  4 5  
H i gh x Low Crosses 
- - -- - - - - - - - - - - - - - -
4 5 0  49  5 0  5 0  48  4 5  4 5  
5 5 1  5 1  5 1 · 5 1  4 9  4 6  4 5  
6 5 0  5 1  5 1  5 1  48 47 . 46 
7 5 2  5 3  5 2  5 2  5 0  4 7  4 7  
8 54  5 3  5 3  5 3  5 1  4 9  47 
9 5 2  5 1  5 2  5 2  5 0  4 7  4 5  
1 0  5 0  5 2  5 1  5 1  48 4 5  4 4  
1 1  5 2  5 3  5 3  5 3  5 0  4 7  4 7  
1 2  5 5  5 1  5 0  4 8  4 7  
Low x Low C r osses 
- - - - - - - - - - - - - - - - -
1 3  5 4  5 3 54 54  53  5 2 5 1  
1 4  5 3  5 3  5 1  5 0  4 9  
1 5  5 3  5 4  5 4  5 .4 5 3  5 2  5 0  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
LSD0 0 5  f o r  bu l ked popu l a t i on s  i s  . 08 days . a 
Days t o  h ead i n g  a f t e r  May 5 .  
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Tab l e 1 8 .  Pearson cor re l at i on coef f i c i en t s  f o r  t i me t o  head i ng 
among F a genera t i on means and va r i ances and F 
de r i vedn l i nes f o r  1 5  c rosses of  spr i ng wheat i H+f985 , 
1 986  and yea rs  comb i ned . 
F 
cQnerat i on 
Mean of  
Bu l ked 
Popu l at i ons 
Var i ance of 
Space-P l an t ed 
Popu l a t i ons 
F 
Cn+2 t ' ene ra 1 0n 
Top One 
Top F i ve 
Mean 
Top One 
Top F i ve 
Mean 
r 
1 985 1 986  Comb i ned 
- 0 . 1 9  0 . 69 * *  0 . 3 8* 
0 . 1 2  0 . 73 * *  0 . 4 9 * *  
0 . 25 0 . 85 * *  0 . 5 8* *  
-0 . 42  -0 . 1 1 - 0 . 1 7 * 
-0 . 03 - 0 . 1 4  - 0  . 1 2* 
0 . 02 0 . 06 0 . 05 * 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
* , * * ·S i gn i f i can t a t  0 . 05 and 0 . 0 1 p robab i l i ty l eve l s ,  
respect i ve l y .  a n = 3 and 4 i n  1 985  and 1 986 , respect i ve l y .  
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Tab l e  1 9 .  Spearman co r re l at i on coef f i c i en t s  f o r  head i ng among F a 
generat i on means and va r i ances and F * 2  der i ved l i nes
n 
f or 1 5  c rosses of  spr i ng wheat i n  1 9§ � ,  1 986  and yea rs 
comb i ned . 
F 
cQnerat i on 
Mean of  
Bu l ked 
Popu l a t i ons 
Var i ance of 
Spaced-Pl an t ed 
Popu l a t i ons 
F 
Gn+2 t ' enera t on 
Top One 
Top F i ve 
Mean 
Top One 
Top F i ve 
Mean 
1 985 
-0 . 20 
0 . 1 2  
0 . 3 0 
-0 . 34 
-0 . 07 
0 . 05 
r 
1 986 
0 . 64 * *  
0 . 74 * *  
0 . 82 * *  
-0 . 0 1 
-0 . 09 
0 . 1 6 
Comb i ned 
0 . 2 7 
0 . 4 1 * 
0 . 54 � * 
-0 . 1 1 
-0 . 05 
0 . 07 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - �  
* ,  * * ·S i gn i f i can t a t  0 . 05 and 0 . 0 1 probab i l i t y l eve l s ,  
. r espec t i ve l y .  a n = 3 and 4 i n  1 985  and . 1 986 , r espec t i ve l y .  
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P l an t  He i gh t  
I n  1 985 , c r osses 2 and 6 showed t h e  sho r test  F3 bu l ked 
popu l at i on mean p l ant  he i gh ts  of  86 and 88 em , r espec t i ve l y  ( Tab l e  
20 ) . Two o t he r  c r osses wh i ch p roduced r e l at i ve l y  sho r t  p l an t s  wer e  
c rosses 1 and 3 w i t h  means , o f  9 3  and 9 4  em , r espect i ve l y .  C r osses 
1 3  and 1 5 , l ow-y i e l d i ng pa ren t s , showed the ta l l es t  mean p l an t  
he i gh t s  ( 1 07  em ) and wer e  f o l l owed by the crosses 1 4  and 5 w i t h  the 
mean he i gh t s  of  1 04 em and 1 03 em , respect i ve l y .  I n  1 98 6 , c r osses 
1 ,  2 ,  3 ,  and 6 w i th  mean p l an t  he i gh ts  of 73 , 7 3 , 7 6 , and 77  em , 
respec t i ve l y ,  d i sp l ayed the sho r t est  bu l ked means ( Tab l e  2 1 ) . The 
t a l l es t  th ree c rosses w i th  a p l ant  he i gh t of  90 c� , wer e  c rosses 5 ,  
1 3  and 1 4 . These we r e  f o l l owed by crosses 1 0 ,  1 1 ,  and 1 5  w i { h  
s ta t i s t i ca l l y  s i m i l a r bu t sho r t e r  p l ant  he i gh t s . 
C r oss 1 d i sp l ayed t he l a rges t var i ance w i t h  a va l ue o f  83 
f or p l an t  he i gh t ( Tab l e  20 ) . Othe r c rosses w i t h  l a rge va r i ances 
we r e  c rosses 5 ,  1 0 ,  and 3 w i th  va l ues of  78 . 98 ,  63 . 5 4 ,  and 60 . 7 1 ,  
r espec t i ve l y .  C rosses 2 ,  6 ,  7 ,  and 8 w i th  va r i ance va l ues o f  2 0 . 87 ,  
26 . 4 0 ,  1 4 . 75 ,  and 2 6 . 06 ,  respec t i ve l y ,  we re  the sma l l es t . The 
l a rges t va r i ance va l ues i n  1 986  were  f rom c rosses 5 and 1 1 .  
C rosses 7 ,  9 ,  and 1 0  p roduced the sma l l es t  (Tab l e 2 1 ) .  
Un l i ke y i e l d  and t i me t o  head i ng ,  means and va r i ances of  
ea r l y  generat i on bu l ked popu l a t i ons for  p l an t  he i gh t  i n  1 98 5  we re  
no t cons i s t en t  i n  i den t i f y i ng crosses p roduc i ng t he sho r t e r ­
der i ved l i nes ( Tab l e 20 ) . Excep t f o r  cross 2 w i th  t he  sho r t est . 
so 
Tab l e  20 . P l an t  he i gh t  ( em )  of  F3 -de r i ved F5 l i nes and ear l y  genera t i on means and va r i ances i n  1 985 . 
C ross 
F a 3 F3 De r i ved F5 L i nes  
No . Mean Var i ance Mean Range Top-F i ve Top-One 
H i gh x H i gh Crosses 
- - - - - - - - - - - - - - - - - - -
1 9 3  83 . 00 7 7  1 4  7 2  7 1  
2 86  2 0 . 87 70  1 4  67  60  
3 94  60 . 7 1 83 1 4  78  76  
H i gh x Low Crosses 
- - - - - - - - - - - - - - - - - -
4 1 00 48 . 90 74 1 2  7 1  6 9 ' 
5 1 03 78 . 98 76 1 6  7 1  68  
6 88 26 . 40  79  1 5  74  7 2  
7 1 00 1 4 . 75 75 1 4  72 7 1  
8 9 9  26 . 06 6 5  1 2 6 1  58  
9 98  · s o . 66  72  1 5  68  63 
1 0  1 00 6 3 . 54 73  1 0  70  68 
1 1  9 9  4 5 . 4 5  73 22 6 6  6 4  
Low x Low Crosses 
- - - - - - - - - - - - - - - - -
1 3  1 0 7 5 3 . 9 3 6 9  1 5  64  6 1  
1 4  1 04 5 1 . 36 6 9  2 5 6 1  5 4  
1 5  1 07 49 . 02 75 1 1  7 2  7 1  
LSD 2 . 68 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - �- - - - - - -a Means and va r i ances est i mated f r om t he bu l ked and spaced-p l an t ed 
popu l a t i ons , r espect i ve l y .  
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Tab l e  2 1 . P l ant  he i gh t  { em )  of F4-der i ved F6 l i nes  and ea r l y  genera t i on means and va r i ances i n  1 986 . 
C ross 
F a 4 F4 Der i ved F6 L i nes 
No . Mean Var i ance Mean Range Top-F i ve Top-One 
H i gh x H i gh Crosses 
- - - - - - - - - - - - - - - - - - -
1 7 3  5 6 . 40 8 1  1 7  7 6  7 1  
2 7 3  5 4 . 1 4 70 28 6 3  5 5  
3 7 6  5 9 . 7 9 68 25 5 9  5 5  
H i gh X Low Crosses 
- - - - - - - - - - - - - - - - - -
4 83 4 9 . 0 7  8 0  28  7 1  6 1  
5 90  7 7 . 4 9 8 1  1 5  7 6  7 3  
6 7 7  5 6 . 5 7 76  2 5  6 9  63  
7 85  1 9 . 3 5 75  1 7  7 0  6 6  
8 84 4 7 . 64 74 25 6 7  6 1  
9 83  3 6 . 48 7 1  25 64 5 5  
1 0  86  3 0 . 4 1  7 5  33  67  6 1  
1 1  86  77 . 83 75 22 68 63 
Low x Low Crosses 
- - - - - - - - - - - - - - - - -
1 3  90  4 3 . 48 82 33 72 5 5  
1 4  9 0  5 9 . 48 8 1  24 76 7 1  
1 5  8 6  62 . 29  83  20  79  76  
LSD 5 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -a Means and va r i ances est i mated f r om bu l ked and spaced-p l an t ed 
popu l a t i ons , respec t i ve l y .  
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bu l ked popu l at i on mean he i gh t  of 86 em and de r i ved l i nes ave rag i ng 
70  em ne i ther  popu l at i on paramet e r  e f f ect i ve l y  i den t i f i ed c rosses 
produc i ng t he sho r te r  der i ved l i nes . C rosses 1 3 ,  1 4 ,  and 1 5  showed 
the ta l l est  F3 bu l ked popu l a t i on mean bu t compa ra t i ve l y  sho r t  F5 
l i nes , The t op-one and t op- f i ve l i nes f or these crosses we r e  
mos t l y  i n  ag reement w i th t h e  F5 l i ne mean va l ues ( Tab l e  2 0 ) . 
I n  1 986 , a l l the sho r t er F6 l i nes wer e  ob ta i ned f rom 
c rosses 2 ,  3 ,  8 ,  9 ,  and 1 0  ( Tab l e  2 1 ) .  Crosses 2 and 3 wou l d  have 
been i dent i f i ed by the i r bu l ked mean va l ues as the c r osses l i ke l y  
t o  p roduce sho r t e r  F6 l i nes . C rosses 8 ,  9 ,  and 1 0  w i th  bu l ked mean 
he i gh ts  of 84 , 83 , and 86 em , respec t i ve l y ,  wou l d  no t have been 
i den t i f i ed as p roduc i ng sho r t  de r i ved l i nes . The va r i ance 
pa rame t e r  was not  ef f ect i ve i n  i den t i f y i ng . the c rosses wh i ch 
p roduced the  sho r t er F6 de r i ved l i nes ( Tab l e 2 1 ) .  
The means o f  the ear l y  generat i on bu l ked popu l a t i ons f o r 
p l an t  he i gh t  and means of  the Fn der i ved Fn+2 l i nes a re g i ven i n  
Tab l es 22  & 23 . Among t he 1 5  c rosses , on l y  c rosses 2 and 9 we r e  
somewhat  cons i s t ent  i n  a l l t h ree gene rat i ons and F5 l i nes i n  1 985 
( Tab l e  22 ) . The other c rosses we re e i ther  i ncons i s t en t  i n  t he i r 
pe r f o rmance i n  t he ea r l y  generat i ons o r  i ncons i st en t  between p l an t  
he i gh ts o f  ea r l y  gene rat i ons and der i ved l i nes � 
The der i ved l i nes w i t h  shor t p l an t  he i gh t s  we r e  ob ta i ned 
f r om cr osses 2 , 3 ,  9 ,  and 1 2  i n  1 986  (Tab l e  23 ) .  The mean he i gh t  
o f  the c ross 3 was cons i s t en t l y  sho r t e r  i n  a l l t h ree bu l ked 
genera t i ons ( c rosses we re ranked i n  each genera t i on sepa ra t e l y ) _ and 
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Tab l e  2 2 . P l an t  he i ght  ( em )  compar i sons among ear l y  gene rat i on 
bu l ked popu l at i on means w i th  the mean he i gh t s  of  the F3 -de r i ved F5 l i nes i n  1 985 . 
F3 Der i ved F5 L i nes 
Cross 
' No . F3 Bu l k  F4 Bu l k  F5 Bu l k  Average Mean Top-F i ve Top-One 
H i gh x H i gh Crosses 
- - - - - - - - - - - - - - - - - - -
1 9 3  1 0 0 98 98 77  7 2  7 1  
2 86  86  84 85 70 67 60 
3 94  92  93  93  83  78  76  
H i gh x Low Crosses 
- - - - - - - - - - - - - - - - - -
4 1 00 1 07 1 00 1 02 74 ·7 1  . 6 9 . 
5 1 03 1 0 5 1 02 1 03 76  7 1  68 
6 88 9 0  88 89 79 74  7 2  
7 1 00 1 0 0 98  99  75  72  7 1  
8 9 9  1 0 0 99  99  65  6 1  5 8  
9 98  98 99 98 72 68 6 3  
1 0  1 0 0 97  97  9.8 73  70  68  
1 1  9 9  . 1 0 1  96  98 73 6 6  64 
1 2  9 3  9 0  78 7 1  6 9  
Low x Low C r osses 
- - - - - - - - - - - - - - - - -
1 3  1 07 1 0 6 1 05 1 06 6 9  64 . 6 1  
1 4  1 04 1 06 6 9  6 1  5 4  
1 5  1 07 1 08 1 09 1 08 75  7 2  7 1  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
LSDO . O S  
f o r  bu l ked popu l a t i ons i s  2 . 68 em . 
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Tab l e  23 . P l ant  he i gh t  ( em )  compa r i sons among ea r l y  gene r a t i on 
bu l ked popu l at i on means w i th  the mean he i ght  o f  the F4-de r i ved F6 l i nes i n  1 986 . 
F4 Der i ved F6 L i nes 
C ross 
No . F4 Bu l k  F5 Bu l k  F6 Bu l k  Ave rage Mean Top-F i ve Top -One 
H i gh x H i gh Crosses 
- - - - - - - - - - - - - - - - - - -
1 7 3  80  85  79  81  7 6  7 1  
2 7 3  86  80  80  70 63 5 5  
3 76  7 9  8 0  78 68 6 0  5 5  
H i gh x Low Cr osses 
- - - - - - - - - - - - - - - - - -
4 83 9 1  92  89  80  . 7 1  6 1  
5 9 0  9 3  .90  9 1  8 1  7 6  73  
6 77  8 1  80 80 76 6 9  6 3  
7 85  77  8 1  8 1  75  70  6 6  
8 94 86  86 85 74 68 6 1  
9 83 84 79 82 7 1  64 5 5  
1 0  86 80 82 82. 75  67  6 1  
1 1  86  80  83 83 75  68  6 3  
1 2  9 1  80 68 6 2  5 8  
Low x Low Crosses 
- - - - - - - - - - - - - - - - -
1 3  9 0  94 86 90 82 73 5 5  
1 4  9 0  84 8 1  7 6  7 1  
1 5  86 90 90 88 83 80  76  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
LSD0 . 0 5 fo r  bu l ked popu l a t i ons is 5 em . 
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the i r average comb i ned , whe reas cross 2 and 9 we r e  sho r t e r  i n  a l l 
genera t i �ns and t he i r average , excep t f o r  t he F5 . A l l o t h e r  
c r osses d i d  not  per f o rm cons i st en t l y .  
I n  a l l cases nons i gn i f i can t coef f i c i en t s  f or Pea rson and 
Spearman cor r e l at i ons we re  det ec ted i n  1 985 and 1 986 , i nd i v i dua l l y  
and comb i ned ove r years  (Tab l e  24 and 25 ) .  
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Tab l e 24 .  Pear son cor r e l a t i on coef f i c i en t s  f o r  p l an t  he i gh t  among 
F a genera t i on means and var i ances and F de r i ved 
l �nes f o r  1 5  c rosses o f  spr i ng whea t i n  �9�5 ,  1 986  and 
years  comb i ned .  
F 
cQnerat i on 
Mean of  
Bu l ked 
Popu l a t i ons  
Var i ance of  
Spaced-P l an t ed 
Popu l a t i ons 
F 
Cn+2 t ' enera I on 
Top One 
Top F i ve 
Mean 
Top One 
Top F i ve 
Mean 
1 985 
-0 . 1 8 
-0 . 3 1 
-0 . 29 
0 . 22 
0 . 24 
0 . 29 
r 
1 986 
0 . 27 
0 . 4 3  
0 . 47 
0 . 36 
0 . 26 
0 . 24 
a n = 3 and 4 i n  1 985 and 1 986 , respect i ve l y .  
Comb i ned 
0 . 0 5 
0 . 07 
0 . 1 0 · 
0 . 28 
0 . 25 
0 . 2 6 
5 7  
Tab l e  25 .  
Mean of  
Bu l ked 
Popu l a t i ons 
Var i ance of 
Spearman co r re l at i on coef f i c i en ts  f o r p l an t  he i gh t  among 
F a gene r a t i on means and va r i ances and F de r i ved 
l �nes f o r 15 c rosses of  spr i ng wheat i n  �9�5 ,  1 986  and 
years  comb i ned . 
F 
Cn+2 t ' ene ra I on 
Top One 
Top F i ve 
Mean 
Top One 
1 985 
-0 . 22 
-0 . 3 1 
-0 . 29 
0 . 1 4  
r 
1 986  Comb i ned 
0 . 3 7 0 . 1 0  
0 . 5 0 0 . 1 3  
0 . 5 0 0 . 1 4 
0 . 45 0 . 3 2 
Spaced-P l an t ed Top F i ve 0 . 2 1 0 . 3 0 0 . 29 
Popu l at i ons Mean 0 . 27 0 . 28 0 . 28  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -a 3 and 4 i n  1 985 and 1 986 , respect i ve l y .  n = 
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D ISCUSSI ON 
Pa ren t s  g r own i n  bu l ked and spaced-p l an t ed popu l a t i ons , and 
s i ng l e  r ow p l o t s  ( head r ows ) showed y i e l ds d i ss i m i l a r t o  past 
resu l t s ( Tab l es 4 ,  5 and 6 ) . The cha ract e r i za t i on o f  t he  s i x  
par en t s  was based on y i e l d  t r i a l s  conducted a t  8 l ocat i ons  i n  
eas t e rn Sout h  Dakota  i n  1 982  and 1 983 . Mean annua l y i e l d  o f  the  
three h i gh-y i e l d i ng cu l t i va rs  was 2 . 3 7 ,  and 2 . 47 Mg  ha- 1 , wh i l e  
that f or t he t hree  l ow-y i e l d i ng cu l t i vars  was 2 . 0 6 ,  and 2 . 22 Mg 
ha- 1 . These d i f f e r ences we re  not l arge , bu t wou l d  be cons i de r ed 
typ i ca l  i n  adap t ed cu l t i va rs . A poss i b l e r eason f o r  the 
f l uc t ua t i on of  par enta l pe r f ormances may be genotype x env i r onment 
i n t e ract i ons . The weather  exh i b i ted ext reme va r i a t i ons du r i ng t he 
1 985 and 1 986  c r op seasons ( Tab l e  3 ) . Geno type x env i r onmen t 
i n t e ract i ons a r e . a we l l -known phenomenon i n  p l an t  b reed i ng ( A l l ard , 
1 96 1 ) .  I n  add i t i on ,  excess i ve Ap r i l mo i s ture  resu l t ed i n  de l ayed 
p l an t i ng of  the s i ng l e  row p l o t s  i n  1 985 and a l l t h ree  t r i a l s  i n  
1 986 . La t e  p l an t i ng i s  known t o  reduced g ra i n  y i e l d  ( C regan and 
Busch , 1 9 77 ) . 
Means and va r i ances o f  ea r l y  generat i on bu l ked popu l a t i ons 
have been advocat ed as a method o f  p red i c t i ng c r osses g i v i ng r i se 
t o  a h i gh f requency o f  t ransgress i ve segrega t es . C regan and Busch 
{ 1 97 7 ) repo r t ed that crosses w i th greater  genet i c  va r i ance wer e  
l i ke l y  to  con t r i bu t e  h i gh-y i e l d i ng l i nes . I n  a theo r e t i ca l  pape i , 
Ros i e l l e  ( 1 983 ) a rgued tha t  c rosses w i th h i gher  va r i ance va l ues. i n  
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ear l y  genera t i on bu l ked popu l a t i ons cou l d  be used f or p r oduc t i on of  
segr ega t es w i th h i gh-y i e l d i ng pot en t i a l . By ear l y  e l i m i na t i on o f  
undes i rab l e  c r osses , t i me , money , and space can be saved i n  t he  
b r eed i ng p rogram ( Har l an e t  a l . 1 940  and I mmer 1 94 1 ) .  
One pu rpose of  th i s  s tudy was t o  t est  the r e l i ab i l i t y of  
ear l y  genera t i on bu l ked popu l at i on mean y i e l ds and  va r i ances as 
p red i c t o rs  of c rosses wh i ch wou l d  p roduce h i gh-y i e l d i ng i nb r ed 
l i nes . Cor re l at i on coef f i c i en t s  of  der i ved l i nes w i th ea r l y  · 
generat i on bu l ks was t es t ed by Har r i ngton ( 1 94 0 ) , I mmer ( 1 94 1 ) ,  
Busch e t  a t . ( 1 9 74 )  and Cregan and Busch ( 1 977 ) . They r epo r t ed 
bu l ks were  e f f ec t i ve i n  i dent i f y i ng c rosses f r om wh i ch h i ghe r  
y i e l d i ng l i nes may b e  obta i ned . I ri  th i s  study bo t h  Pear son and 
Spearman co r re l at i �n coef f i c i en t s  detec ted a pos i t i ve re l a t i onsh i p  
f o r  a l l t he compa r i sons , excep t f o r Spearman co r re l a t i on 
coef f i c i en t s  be tween F4 bu l ked popu l at i on means and the mean of  the 
t op-one der i ved l i nes i n  1 986 . The two h i ghes t cor r e l a t i on 
coef f i c i en t s  r eco rded we re  0 . 44 and 0 . 3 2 . These we r e  ob t a i ned i n  
1 985  by Pea rson co r re l a t i on coef f i c i en ts  f or va r i ance o f  the  
spaced-p l an ted popu l a t i ons cor re l a t ed w i th  the  mean o f  a l l the  
der i ved l i nes and  mean o f  the t op-f i ve l i nes , respect i ve l y .  The 
l owes t co r re l a t i on va l ues , 0 . 05 and 0 . 08 ,  we re  ob ta i ned when the  
mean o f  the ea r l y  generat i on bu l ked was cor r e l a t ed w i th the  mean of  
the de r i ved l i nes and mean of  the t op-f i ve l i nes , respec t i ve l y .  
Compar i sons o f  the  F3 bu l k  means and spaced-p l an t ed va r i ance w i th  
the mean o f  the t op-one l i nes gave s i m i l a r cor re l at i on va l ues of  
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0 . 1 7  and 0 . 20 ,  r espect i ve l y .  
I n  1 986 , va r i ances o f  spaced-p l an t ed popu l a t i ons r e l at i ve l y  
l arger co r re l a t i on va l ues as compared t o  bu l ked popu l a t i on means , 
when cor r e l a t ed w i th the der i ved l i nes ( t op-one , t op - f i ve ,  and 
mean ) . A number of  f ac t o r s  cou l d  be respons i b l e  f o r the l ow 
cor re l a t i on va l ues i n  i nd i v i dua l years . These are : sma l l samp l e  
s i ze ,  non- r ep l i ca t ed da ta f o r  spaced-p l an t ed popu l a t i ons , s i ng l e  
p l o t head r ow t r i a l s ,  wea ther  f l uc tuat i ons , and l at e  p l an t i ng .  
Va r i ances o f  t he spaced-p l an t ed popu l at i ons , howeve r , we r e  
s i gn i f i can t l y  and pos i t i ve l y  cor re l ated w i th  means o f  the der i ved 
l i nes when comb i ned ove r years  ( Tab l es 1 2  and 1 3 ) . A l l o t h e r  
compa r i sons p roduced s i m i l ar cor re l at i on va l ues a s  i nd i v i dua l 
yea rs . Genera l l y ,  cor r e l a t i on coef f i c i en t s  we re  compa ra t i ve l y 
h i gher  f o r  compar i sons be tween va r i ances of  the spaced-p l an t ed 
popu l a t i ons and means o f  the der i ved l i nes , wh i l e  l ower  f o r  the 
compar i sons be tween the means of  the bu l ked popu l a t i ons and means 
of  the de r i ved l i nes . W i th f ew excep t i ons , bo th  Pearson and 
Spearman co r re l a t i ons we re  s i m i l a r i n  de t ec t i ng re l at i onsh i ps . 
Resu l ts o f  th i s  s tudy i nd i ca t ed that means and va r i ances o f  
ea r l y  genera t i on bu l ked and spaced-p l an ted popu l a t i ons may be 
usef u l  in  i den t i f y i ng those c rosses wh i ch p roduce supe r i or der i ved 
l i nes . Th ree of the f i ve h i ghes t -y i e l d i ng l i nes i n  1 985 , and f ou r  
o f  the f i ve i n  1 986 , we re  ob ta i ned f r om crosses wh i ch showed be t t e r  
mean and va r i ance pe r f o rmances i n  ea r l y  gene rat i on bu l ked 
popu l a t i ons . These resu l ts ag ree w i th the f i nd i ngs o f  Sm i t h and 
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Lamber t  ( 1 968 ) i n  ba r l ey ,  Lef f e l  and Hanson ( 1 96 1 )  i n  soybean , and 
Ha r r i ngt on ( 1 940 ) , and Cregan and Busch ( 1 977 ) i n  whea t . 
I t  shou l d  be po i n ted out , however ,  that  ea r l y  genera t i on 
means and va r i ances successf u l l y  i den t i f i ed on l y  30%  o f  the  c rosses 
wh i ch p roduced the h i ghes t -y i e l d i ng der i ved l i nes ( mean , t op-one 
and t op-f i ve ) . The re were  some crosses wh i ch per f o rmed we l l i n  
e i the r mean o r  va r i ance , o r  bot h , bu t d i d  not  p r oduce the  h i ghest ­
y i e l d i ng de r i ved l i nes ( Tab l e  8 and 9 ) . De te rm i n i ng t h e  e f f i c i ency 
of ea r l y  genera t i on bu l ks i n  pred i c t i ng those c r osses wh i ch 
produced t he mos t h i gh-y i e l d i ng l i nes revea l ed that F4 and F5 
generat i ons and average of a l l the genera t i ons comb i ned , wer e  
mos t l y  ef f ec t i ve .  Busch e t . a l . ( 1 974 ) repo r t ed tha t  t h e  means o f  
the F4 and F5 bu l ks cou l d  b e  used ef f ect i ve l y  i n  p r ed i ct i ng wh i ch 
c rosses t o  se l ect  f o r grea ter  propo r t i on o f  h i gh y i e l d i ng l i nes . 
Hu rd  ( 1 96 9 ) p roposed a breed i ng procedu re tha t i nvo l ved ex t ens i ve 
y i e l d  tes t i ng beg i nn i ng i n  the F4 . 
I n  genera l ,  der i ved l i nes f rom crosses �mong l ow-y i e l d i ng 
pa ren t s  we re  f ound t o  g i ve l ow-y i e l d i ng der i ved l i nes when compa red 
t o  those f r om c rosses w i th h i gh-y i e l d i ng pa rents . De r i ved l i nes 
obta i ned f r om the c r osses of  h i gh x l ow pa rents , we r e  i n t e rmed i a t e  
i n  mean y i e l d .  These resu l t s are  s i m i l a r t o  those ob ta i ned by 
Busch et a l . ( 1 9 74 ) w i th wheat , and J ohnson and Hayes ( 1 9 4 0 ) w i t h  
ma i ze .  The  p r opo r t i on o f  h i gh-y i e l d i ng de r i ved l i nes f r om c r osses 
w i th  h i gh x l ow pa r en t s  we re approx i mat e l y  equa l t o  t hose · c r osses· 
w i th h i gh-y i e l d i ng pa ren ts  i n  1 985 , wh i l e  mos t o f  the  h i gh-y i e l d i ng 
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der i ved l i nes i n  1 986  came f rom crosses w i th h i gh-y i e l d i ng paren t s . 
Th i s  dev i at i on may be the resu l t o f  l a t e  p l an t i ng o r  poor g r ow i ng 
cond i t i ons du r i ng the 1 986 c r op season ( Tab l e  3 ) . I n  gener a l ,  
p r ogeny ob ta i ned f rom crosses w i th h i gh-y i e l d i ng par en t s  p roduced 
the h i ghes t mean y i e l d i ng segregates . These r esul t s  concur w i t h  
Busch e t  a l . ( 1 974 ) , and Lonnqu i st and L i ndsey ( 1 964 ) , and 
L i nnqu i s t ( 1 9 6 8 ) . 
C rosses wh i ch i nvo l ved SD286 1 o r  Guard as  one o f  t he 
pa ren t s  produced h i gher mean y i e l ds and l a rger var i ances i n  ea r l y  
gene ra t i on bu l ked and spaced-p l an ted popu l a t i ons and p r oduced 
h i gher -y i e l d i ng de r i ved l i nes . As expect ed ,  bot h  of  t hese pa ren t s  
had been c l ass i f i ed a s  h i gh-y i e l d i ng pa rents . 
For  t i me t o  head i ng ,  Pearson and Spearman cor re l a t i on 
coef f i c i en t s  i nd i ca t ed st rong pos i t i ve r e l a t i onsh i ps be tween bu l ked 
popu l at i on means and the der i ved l i nes (mean , t op- f i ve and t op-one ) 
i n  1 986  and ove r yea rs  comb i ned . Nons i gn i f i can t and nega t i ve 
co r r e l a t i ons be tween the var i ances of  the spaced-p l an t ed 
popu l a t i ons and means of the der i ved l i nes i nd i ca t es t he 
i nef f ect i veness of the va r i ance as a p red i c t o r  o f  supe r i o r c rosses . 
Mean va l ues f o r  t i me t o  head i ng of the ea r l y  gene ra t i on 
bu l ked popu l a t i ons we re ext reme l y  ef f ect i ve i n  de tect i ng t hose 
crosses wh i ch p roduced the ea r l i e r -headed der i ved l i nes . Th i s  
cou l d  be due t o  the t ra i t ' s  her i t ab i l i ty ,  s i nce t i me t o  head i ng i s  
cons i dered h i gh l y  her i t ab l e .  Va r i ances , howeve r ,  w i th  th� i r 
i ncons i s t ent  pe r f o rmance were  l ess ef f ect i ve .  A �u rp r i s i ng t rend 
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of  t i me t o  head i ng i n  ear l y  genera t i on bu l ks and de r i ved l i nes of  
the h i gh x h i gh and  l ow x l ow crosses i n  1 985 may be  t he r esu l t of  
de l ayed p l an t i ng of head rows . 
S i m i l ar t o  y i e l d ,  mean va l ues of t i me t o  head i ng i n  F4 and 
F5 genera t i on bu l ked popu l at i ons and the i r average were  qu i t e 
successf u l  i n  i dent i f y i ng the c rosses wh i ch p r oduced the  ea r l i e r  
head i ng der i ved l i nes . Crosses i nvo l v i ng SD286 1 p roduced the  
ea r l i est -headed l i nes . SD286 1 proved t o  be a des i rab l e paren t  f o r  
c ross i ng because o f  i t s ab i l i ty t o  produce h i gh-y i e l d i ng and 
ear l y-headed p r ogeny . 
For p l an t  he i gh t , i n  a l l cases excep t f o r c rosses 2 and 8 
i n  1 985  and 2 and 3 i n  1 986 , both  means and va r i ances we r e  
i ne f f ec t i ve i n  p red i c t i ng c rosses wh i ch p roduced shor t -s t a t u red 
der i ved l i nes ( Tab l e  20 and 2 1 ) .  A s i m i l a r s i t uat i on was obse r ved 
i n  the case of  ea r l y  gene rat i on bu l ked popu l a t i ons wh i ch a l so 
f a i l ed to  p roduce any pos i t i ve resu l t s .  
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SUMMARY AND CONCLUSI ONS 
The ob j ect i ves of  th i s  study we r e  t o  eva l ua t e  the  use o f  
means and va r i ances o f  ea r l y  generat i on bu l ked popu l a t i ons  i n  
i dent i f y i ng those c rosses l i ke l y  to  p roduce grea t e r -y i e l d i ng i nb red 
l i nes and t o  de t erm i ne wh i ch genera t i on wou l d  best i dent i f y those 
c rosses . 
F i ve spr i ng wheat cu l t i va rs  (Gua rd , Prot o r , Eu r eka , A l ex 
and Pondera ) and one expe r i men t a l  l i ne , SD286 1 ,  wer e  c r ossed i n  
th i s  study . These paren t s  wer e  chosen f o r  the i r re l a t i ve 
adap t i veness to  the product i on cond i t i ons o f  Sout h  Dako ta . T ra i ts  
eva l ua ted i n  bu l ked and spaced-p l an ted popu l a t i ons and  he�d rows i n  
th i s  s tudy wer e : 1 )  g ra i n  y i e l d ;  2 )  t i me t o  head i ng ;  and , 3 ) p l an t  
he i ght . 
F i e l d  expe r i ment s we re  conduc ted i n  the summe r o f  1 985  and 
1 986 . Bu l ked and spaced-p l an ted popu l a t i ons i n  F3 and F4 
generat i ons and F3 der i ved F5 l i nes wer e  p l an ted i n  1 985 . I n  1 986  
bu l ked and spaced-p l an ted F4 and F5 genera t i ons and F4 de r i �ed F6 
l i nes we r e  p l an t ed .  Cor re l a t i ons be tween the means o r  va r i ances of 
the ea r l y  genera t i ons and the means of  the de r i ved l i nes ac r oss 
c rosses we r e  used to de te rm i ne wh i ch pa rame ter  bes t p red i c t ed the 
c r osses p r oduc i ng supe r i o r segrega tes . 
Comp l e t i on of  t � i s  s tudy l ed t o  the f o l l ow i ng conc l us i ons : 
1 .  The mean y i e l ds of  the ea r l y  gene ra t i on bu l ked 
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and var i ances of  the spaced-p l an t ed popu l a t i ons 
we re  f ound to  be modera t e l y  ef f ec t i ve i n  p r ed i c t i ng 
the c r osses wh i ch produced h i ghe r -y i e l d i ng 
segrega t es . 
2 .  The bu l ked popu l a t i on mean y i e l ds of  the  F4 and 
F5 genera t i ons and average ac ross gene ra t i ons 
we re  f ound mos t ef f ec t i ve i n  i den t i f y i ng the  
c rosses wh i ch produced h i gh-y i e l d i ng seg r ega t es .  
3 .  C rosses w i th _ h i gh-y i e l d i ng pa ren t s  p r oduced 
the h i ghest -y i e l d i ng der i ved l i nes , howeve r ,  the 
p ropor t i on o f  h i gh-y i e l d i ng der i ved l i nes f r om 
h i gh x h i gh and h i gh x l ow crosses we r e  abou t the 
same . 
4 . Crosses wh i ch i nvo l ved SD286 1  o r  Guard as one of  
the pa ren t s  produced h i ghe r  mean y i e l ds and  l a rge r  
va r i ances i n  ear l y  generat i on bu l ked and spaced­
p l an t ed popu l a t i ons , respect i ve l y ,  and p r oduced 
de r i ved l i nes w i th  h i ghe r mean y i e l ds .  
5 .  Mean y i e l ds of  the ear l y  gene rat i on bu l ked and 
va r i ances of  the spaced-p l an ted popu l a t i ons 
were  pos i t i ve l y  cor r e l a ted w i th the mean o f  the  
de r i ved l i nes and mean of  the t op-one and  t op- f i ve 
l i nes , when computed f o r  1 985 , 1 986  and over  yea r s . 
A l l compar i sons , excep t one , we r e  nons i gn i f i can t . 
The va r i ance appea r t o  be a be t t e r  p r ed i c t o r  t han 
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the mean a t  pred i c t i ng l osses produc i ng h i gh­
y i e l d i ng l i nes . 
6 .  Mean head i ng o f  the ear l y  genera t i on bu l ked 
popu l a t i ons was f ound to  be ef f ec t i ve i n  
p r ed i ct i ng c rosses wh i ch p roduced ear l y-headed 
der i ved l i nes , wh i l e  the use of popu l at i on 
va r i ances was l ess ef f ec t i ve .  
7 .  Mean va l ues o f  F4 and F5 bu l ked popu l a t i ons and 
t he average ove r a l l generat i ons we r e  e f f ec t i ve 
i n  i den t i fy i ng c rosses wh i ch p roduced ea r l y­
headed der i ved l i nes . 
8 .  A st r ong re l at i onsh i p  was f ound be tween the  mean 
t i me to head i ng of  the ear l y  gene ra t i on bu l ked 
popu l a t i ons and the mean of the der i ved l i nes 
( t op�one , t op-f i ve and mean ) i n  1 986 . 
Co r r e l a t i ons be tween the va r i ances of  the  c rosses 
and the means of  the der i ved l i nes wer e  mos t l y  
nons i gn i f i can t and nega t i ve .  
9 .  Ne i ther  means nor  va r i ances o f  ea r l y  genera t i ons wer e  
successf u l  p red i c t ors  o f  cr osses wh i ch p r oduced 
sho r t -s ta tu red der i ved l i nes . A l l cor r e l a t i ons 
we r e  non-s i gn i f i can t .  
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